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THE MODE OF ORIGIN OF GALLBLADDER 

LESIONS * 

JAMES DENTON, M.D. 

NEW YORK 

Much has been written about infection of the gallbladder, but a fairly 
extensive review of the literature failed to discover descriptions of infec- 
tious lesions of the gallbladder in the absence of stones. 

The present study of gallbladder lesions was undertaken with the 
purpose of determining by what processes some of the commonly 
observed lesions and pathologic states of the gallbladder are produced. 
At the outset it was thought that a correlation of bacteriologic and 
histologic examinations of the gallbladder would give this information 
but discrepancies soon became apparent. Bacteria were often cultivated 
from gallbladders that showed no lesions and obviously pathologic ones 
often yielded negative cultures. The micro-organisms cultivated were 
almost always intestinal or mouth bacteria and in surgical material, 
manipulation of the gallbladder and duct at the operation made it impos- 
sible to exclude contamination from the duodenum. Collateral study of 
the clinical histories, the operation notes of surgeons and the gross and 
histologic conditions in the gallbladders gave much more connected and 
useful information. 

Analysis of the clinical histories and operation notes revealed 
several relevant facts. Recent and extensive changes in the gallbladder 
were almost always accompanied by severe pain. Acute lesions were 
frequently not accompanied by febrile reaction or important elevation of 
the leukocyte count. Recent and extensive changes in the gallbladder 
were usually associated with the impaction of a stone in the cystic duct. 
On the other hand, it was found that the impaction of a stone in the 
common duct was not usually associated with extensive changes in the 
gallbladder. 

Comparison of the gross and microscopic changes in the gallbladder 
in cases in which cholec3'^stectomy was performed within two or three 
days after the impaction of a stone in the cystic duct made it clear that 
the primary lesions in the gallbladder were intramural edema, venous 
distention and intramural hemorrhage or intramural hematoma. 

*From the Department of Pathology, Cornell University Medical College. 

*The material on which this study is based was gathered from necropsy 
material at Hospital Santo Tomas, Panama, Republica de Panama, and from 
surgical material at the Brooklyn Hospital, Brooklyn. 

* Read before the New York Pathological Society, Nov. 12, 1925. 
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The fact that these circulalorv chanjics were tail usuallv ailetuU-fl hv 
important febrile reaction and the absence of thromboses in the cystic 
vessels made it appear that the circulatory chaniies were not jtarl of 
an acute inflammatory reaction but mcclianical elTects iiuluced Iw the 
impaction of a stone in the duct, 'fhe veins and lympliatics of the fjall- 



Fig, 1. — Infarcted and infected gallbladder; recovery was made without 
peritonitis. 


bladder are much more intimately incorporated in the cystic duct than 
is the cystic artery. The cystic artery is usually isolated and ligated 
separately. It follows, therefore, that impaction of a large stone in 
the cystic duct closes off the veins and lymphatics before the artery 
and causes intramural edema and venous distention. If the stone is 
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that it is possible that stones had been present but had been passed or 
were overlooked at operation. In these gallbladders the fact that the 
circulatory changes were entirely out of ijrojiorlion to other evidences 
of inflammation made it appear that some other factor than infection 
was concerned in the production of the changes. 

In reviewing this material ideas gathered from postmortem e.xperi- 
ence were of material a.ssistance in the evaluation of some of the minor 



Fig. 3. — Intramural hematoma — the hemorrhage follows two i)lane.s. siihseroiis 
fat and submucous stroma; effect of stone impaction; area not infected. 


changes observed in some surgical specimens. Particular attention was 
paid to the gallbladder and biliary tract in somewhat over 600 necropsies. 
The structure of the gallbladder can vary considerably in j^ersons of 
different ages without being in any real sense pathologic. In obese 
subjects the subserous fat is commonly increased in amount. Slight 
fibrosis of the fibromuscular tunic, sclerosis of the subserous fat and 
augmentation of the cells of the submucous stroma have been frequentl}'’ 
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observed in postmortem material in which they were clearly of no 
pathologic significance. Personal experience has taught that it is at 
times difficult to discriminate grossly between lymph nodes and sym- 
pathetic nerve ganglions and occasionally sympathetic nerve ganglions 
are excised for lymph nodes. 



Fig. 4. — Effects of repeated episodes of stone impaction ; cicatrized gallbladder 
with intramural edema and hematoma. 


No changes were found in gallbladders that had not contained stones 
which could be regarded as infectious lesions. No lesions analogous to 
those commonly met Avith in acute inflammatory processes in the oviduct, 
appendix or urinary bladder were found in gallbladders without stones. 
The only definite change observed where the previous presence of stones 
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could be excluded was the so-callcd “strawberry j'allbladder.’’ It is 
difficult to uudcrstaud just what significance is to be attached to this 
condition but it gives no evidence of being of an infectious origin. 

Recent and mild effects of stone impaction were observed in eight 
specimens. 1 lie gallbladders were slightly distended, tense and salmon 
colored. Sections .showed the effects of interference with the lymph and 
venous return from the gallbladder as there was coagulated cflcma fluid 



Fig. 5. — Early mechanical effect of edema of subserous fat. 


in the intercellular spaces in all coats. The submucous is the most delicate 
coat and edema and venous distention were the most extensive in this 
location. The mucous membrane in these specimens was generally 
intact and unaltered except in small areas where it had been iiushed off 
its backing by edema or by small hemorrhages. 

In several specimens analogous but more extensive effects were 
observed. These gallbladders were distended, tense and bright red or 
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The most violent lesions observed were in cases in which the impac- 
tion of a stone resulted in a condition which has many features in 
common with hemorrhagic infarction. In these circumstances, the gall- 
bladders were dark red to almost black and friable. In three cases the 
abdominal cavity contained pink stained fluid. The internal surfaces of 
the gallbladders presented various appearances, depending on the extent 
and duration of the process. They were blackish red and smooth or 



Fig. 7. — Edema and venous congestion in subseroiis fat associated with stone 
impaction; the vessels are held apart by coagulated serum. 


shaggy with red or grayish red tags and strings of fibrin hanging from 
the internal surfaces. The contents were bloody fluid mixed with 
mucous and stones and grayish red or puriform material. Histologically 
the walls consisted of blood in various stages of disintegration and 
lacerated connective tissue elements of the wall. The mucous membrane 
was in most instances almost completely destroyed, but tags of quite 
normal appearing mucosa could usually be found free in the gallbladder 
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The tcrminalions of these circulatory lesions appear to be diverse. 
Fatal intra-abdominal hemorrhage has been reported where the gall- 
bladder sloughed. Rupture of the gallbladfler can either allow the stones 
to e.^cape into the abdominal cavity, or a fistula forms with subsequent 
perforation of the intestine. Stones have been found at necropsy 
hanging in the omentum like so many grajics without any traces of 
peritonitis. In three instances in this material a large stone, found its 



Fig. 9. — Infarcted and infected gallbladder resulting from sione impaction; 
coagulum in wall escaping into the lumen ; colon bacillus and saplirophytic strep- 
tococcus. 


way into the intestine and caused intestinal obstruction. Secondary infec- 
tion from the duodenum can result in empyema of the gallbladder or in 
an intraperitoneal abscess. Neither of the latter conditions are often 
treated b)' cholecystectomy as the patients are ordinarily desperately ill 
b}' tlie time infection has occurred and drainage is all that is usually 
attempted. What is commonh’- referred to as empyema of the gallbladder 
would usually be described by some other term if the contents were 
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examined microscopically. I know of several instances in which stones 
were overlooked at the time of operation and were found at a secondary 
operation in a walled off abscess weeks or months later. 

The various stages of repair of mechanical lesions and circulatory 
effects could be followed in cases in which repeated attacks of gallstone 
colic had preceded cholecystectomy and in cases in which a violent 
attack of gallstone colic had been allowed to subside before operation. 



Fig. 10. — Completely infarcted area sloughing into the gallbladder cavity; bac- 
teria are occasionally present in these areas. 


Intramural edema and hematoma tend to be replaced by layers of scar 
tissue of different ages. Extensive thickening can result without any 
evidence of exudative inflammation and constitute a purely reparative 
process. The thickening in some instances assumed almost neoplastic 
proportions from the proliferation of interfascicular connective tissue 
cells. In several instances the gallbladder was a thick walled bag of 
scar tissue without a trace of submucous stroma or any residuum of 
inflammatory reaction. 
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It was reasoned that if the acute lesions of the gallbladder were 
primarily infections, bacterial stains should show what particular micro- 
organisms were responsible for their production, 'riiin ])arafrm sections 
of ninety-four gallbladders were stained with Gicmsa’s and Good- 
pasture’s stains after fixation in Zenker’s fluid. Twenty-four of the 
specimens treated in this way were from clinically acute cases and the 



Fig. 11. — Repair in gallbladder wall nine days after acute crisis, showing 
edematous fibroblastic reaction. 


lesions were recent. Colon bacilli and coarse gram-positive bacilli were 
found in the sloughing internal surfaces of four infarcted gallbladders. 
The lesions in these four cases were primarily intramural circulatory 
lesions and from the location in which the bacteria were found it is 
doubtful if they were the cause of the lesions. Bacteria could not be 
found in the sections of the remaining seventy specimens. 
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CONCLUSIONS 

Recognition of mechanical and circulatory effects is important 
because they are evidence of cholelithiasis and of entrance of stones in 
the duct S3fstem. 

It has not been possible to demonstrate, in this series of cases, lesions 
that were primarily of bacterial origin. 

Other factors than bacterial infection are necessary for the explana- 
tion of some of the commonly observed lesions of the gallbladder. 

If primarily infectious lesions of the gallbladder occur they must be 
uncommon. 

Lesions of the gallbladder should be regarded as bacterial in origin 
after demonstration of the causative organism in the lesion a fair 
number of times. 

The terms acute, subacute and chronic cholecj'stitis are undesirable 
because they carry the implication of infectious origin and cannot be 
correlated with clinical conditions. Pathologic states of the gallbladder 
should be described in morphologic terms as edema, edema and hemor- 
rhage, hematoma, partial infarction, complete infarction, edematous 
cicatrix and cicatrix. 

The presence of gallstones in a gallbladder is not necessarily accom- 
panied by pathologic changes in the gallbladder. In this series of cases 
approximately two thirds of the stone bearing gallbladders had definite 
pathologic changes. 



THE PATHOGENESIS OF BILIARY CALCULI* 

STANLEY H. MENTZER, .M.D. 

Fellow in Surgery, the Mnyo h'onndation 
Kocur,STr.R, mikn. 

'J'lic conception of disease of the gallhladder Is undergoing an Inter- 
esting change. It now seems that often the early phenomena of disease 
of the gallbladder are concerned with metabolic changes, rather than 
bacterial. The study of the formation of gall.^tones may, therefore, 
enhance the study of metabolic discase.s, as the two appear to be con- 
cerned with much the same phenomena. 

TVPIiS OK GAU^STO.VHS 

If the classHicatlon of gallstones Is based on their es.scntlal con- 
stituents. there are iirobably only two distinct tyi)es, the cholesterln 
stone and the bilirubin calcium stone. All other types of stones can be 
grouped with these two. A review of the essential features of each 
of the gross types of stones may simplify our classification and facilitate 
the study of the pathogenc.sis of biliary calculi. 

Choh'slcrin Stone . — Cliolestcrin stones have been classified in three 
groups by the pathologist; (1) the pure cholcsterin stone, which contains 
free or conglomerate cholcsterin crystals; (2) the radiate cholcsterin’ 
stone, which is essentially a cholestcrin-rich stone, composed of cholcsterin 
crystals arranged In a radiate manner about a nucleus, and containing 
little other substance, and (3) the "common stone,” which has been 
classified separately but is essentially a cholcsterin stone, composed of 
varying proportions of cholcsterin and bile pigment, with fractional 
amounts of various metals such as sodium, ix^tassium, calcium, ntag- 
nesium, iron, copper, sulphur, phosphate and zinc. 

Bilirubhi Calcium Stone . — ^This stone has been classified separately 
and probably rightly so. It is usually, but not necessarily, of intra- 
hepatic origin, as multiple stones have occasionally been found in the 
lumen of the gallbladder alone. The stones are small, black and spicular, 
and are composed of bile pigment mixed with mucus and traces of 
calcium, and rarely contain cholesterol. These are the so-called “coral 
tree stones” that sometimes form casts of the hepatic ducts. 

The calcium carbonate stone is usually given a separate classification, 
but I group it with the bilirubin calcium stone, as it also contains little 
cholesterol. It is a noninflammatory stone, rare in man, but common in 
animals. 

* Read before the American Association of Pathologists and Bacteriologists, 
Washington, D.C., May, 1925. 
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inflammatory origin/’ Also, calculi found in five nurslings have been 
reported, and these, likewise, were probably noninflammatory in origin. 
Gallstones have been found in infants and children in increasing num- 
bers as age advances, but the incidence of gallbladder infection likewise 
increases with age, although it remains remarkably low until adolescence. 

Pure cholesterin or cholesterin-rich stones only are found in cases of 
cholelithiasis without significant inflammatory changes in the gallbladder. 



Fig. 3. — Cholesterin polyp of gallbladder containing bile pigment. 

The large incidence of gallstones associated with gross evidence of 
cholesterin disturbance in the wall of the gallbladder (“choles- 
terosis”) is well known to both surgeon and pathologist.® In my post- 
mortem study, in 19 per cent of the gallstone cases there were choles- 
terin stones and in addition gross cholesterin deposits in the wall of 

5. Mentzer, S. H.: A Qinical and Pathologic Study of Cholecystitis and 
Cholelithiasis, Surg. Gynec. Obst. 42:782 (June) 1926. 

6. Mentzer, S. H. : Cholesterosis of the Gallbladder, Am. J. Path. 1:383-388 
(July) 1925. 
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stroma, laden with cholesterin esters (figs. 3 and 4). Boyd* and 
Stewart " believe that these cholesterin-laden polypi break off and lie 
free in the cavity of the gallbladder, forming potential nuclei for the 
formation of biliary calculi (fig. 5). I have sectioned numerous “mul- 
berry” gallstones and dissolved out the cholesterin contained within 
them, noting that the organic structure closely resembled that of the 
polypi in the papillomatous gallbladder. Naunyn and Aoyama*® have 
also noted the organic framework of gallstones. It would seem reason- 
able that portions of the mucous membrane of the gallbladder laden with 
cholesterol esters pla)* a significant part in the formation of cholesterin 
stones by furnishing ideal nuclei for precipitation of bile constituents. 
However this may be, the pathologist has often seen a “strawberry” 
gallbladder so thin walled and devoid of gross inflammatory change 



Fig. 5. — Cholesterin laden pob’p of the gallbladder showing slender pedicle. 

that the yellow rugae of the mucosa could be seen through the serosal 
surface of the organ. The presence of gallstones in such cases is not 
unusual, and the comparative absence of microscopic inflammatory 
changes in the wall of the gallbladder is of the utmost importance. 

That bacteria are found in the wall of the gallbladder in most 
cases of gallstones, however, is an undisputed fact. Moreover, gall- 
stones have been produced experimentally in animals by massive intra- 

8. Boyd, William: Gallbladder Problems, Canadian M. A. J. 12:689-693 
(Oct.) 1922; Studies in Gallbladder Pathology, Brit. J. Surg. 10:337-356 (Jan.) 

1923. 

9. Stewart, M. J. : Xanthoma and Xanthosis, Brit. M. J. 2:893-896 (Nov. 15) 

1924. 

10. Aoyama, T. : Zur Frage der Cholelithiasis, Beitr. z. path. Anat. u. z. allg. 
Path. 57:169-182, 1914. 
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venous injections of organisms. Futterer,“ Cotton,’- Wechselbauni,’^ 
Kraus,’* Meyer, Neilson and Feusier,’® and Rosenow have demon- 
strated the localization of bacteria, so injected, in the wall of the gall- 
bladder. In such instances, however, bacterial emboli occur, producing 
obstruction of the arterial flow in the villi of the mucosa of the gall- 
bladder and, thus, necrosis of the terminal villi, with resultant sloughing 
of the tissue. That this is not the usual method of gallstone formation 
is evident from microscopic studies of the wall of the gallbladder. It 
seems much more likely that the inflammatory changes in the mucosa and 
stroma of the diseased organ prevent the passage of water and choles- 
terol through it, and so disturb the chemical equilibrium of the gall- 
bladder bile. 

Contrary to the usual conception of the origin of bilirubin calcium 
stones is that of Rous and co-workers,” who found floccules of bilirubin 
and calcium carbonate deposited on the glass tubing, in experimental 
work on dogs with no evidence of inflammatory change in the bile ducts. 

Nucleus Theory . — ^In my examination of several thousand gall- 
stones, a nucleus of some sort was invariably found, and therefore 
appears to be an important adjunct in stone formation. A nucleus may 
be a mechanical necessity for the precipitation of the constituents of a 
stone, or it may be but an incident in its formation. No gallstone is 
without a grossly demonstrable nucleus. A foreign substance, intro- 
duced into the cavity of the gallbladder, will not, alone, cause a stone to 
form. Cholesterin crystals occur singly, and even in large quantities 
in the gallbladder without forming stones, a phenomenon that Rous 
has duplicated experimentally as just described. 

The nuclei of gallstones have often been very interesting. For 
instance, the literature contains twenty-three instances in which the 

11. Fiitterer, quoted by Singer, Gustav: Die GaUensteinkrankheit, Berlin, Urban 
and Schwarzenberg, 1923. 

12. Colton, quoted by Singer, (footnote 11). 

13. Wechselbaum, quoted by Singer (footnote 11). 

14. Kraus, Ignaz : Beitrage zur Pathologie und Thcrapic dcr Gallcnsteinkrank- 
licit, Berlin, A. Hirschwald, 1891. 

15. Meyer, K. F, ; Neilson, N. M., and Feusier, M. L. : itcebanism oi Gall- 
bladder Infections in Laboratory Aninnais, J. Infect. Dis, 28:4.56-509 ; 510-542 
(May-June) 1921. 

16. Rosenow, E. C,: The Etiology of Cholecystitis and Gallstones, and Their 
Production by the Intravenous Injection of Bacteria, J. Infect. Dis. J9:527-5.'6 
(Oct.) 1916. 

17. Rous, Peyton; and McMaster, P. D.: The Concentrating .-Xcliviiy oi the 
Gallbladder, J. Exper. Med. 31:47-73 (July) 1921 ; Physiologicil Causes for the 
Varied Oiaracter of Stasis Bile, ibid. 34:75-95 (July) 1921. Rous. Peyton; 
McMaster, P. D,, and Broun. C. O.: Studies in Total Bile; Effects oi Operation, 
Exercise, Hot Weather, Relief of Obstruction, Intercurrent Disease and Other 
Normal and Pathological Influences, J. Exper. Med. 37:.395-42t) fMarch) 1923, 
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roundworm Ascarls formed the nucleus of a gallstone. DeGorce^® 
reports a case of forty cholesterin stones, in each of which an Ascaris 
was found, and Novack*” reports a huge stone, weighing 200 Gm. 
containing an Ascaris in its center. Lobstein has reported a round- 
worm (Ascaris?) in a gallstone, Bouisson=‘ a portion of a distoma 
hepaticum, and Singer has cultured plasmodia from the center of 
gallstones. 

The usual nuclei, however, are masses of bile pignicjit, so-called 
“bile thrombi" of Naunyn. Rovsing®’ believes that most of these 
masses are bilirubin calcium stones that have wandered into the gall- 
bladder from the intrahcpatic ducts. Such ituclci as masses of bac- 
teria, mucus plugs, blood coagulum, epithelial cells or cholesterin cr}'slals 
have been found, however, and occasionally rejjorts of solid foreign 
particles, such as portions of sutures or needles and even "grape seeds,” 
have been reported in the literature. Nor is it rare to discover that a 
gallstone of one type has formed the nucleus of a totally different type 
of stone. 

Hypercholesterolemia Theory . — In 1909 Aschoff and Bacnieister* 
introduced the theory that dysfunction of the cholesterin metabolism in 
the body is a contributing factor in the formation of gallstones. Their 
views have since won wide acceptance, and there arc ever increasing 
data that bear out their contentions. Aschoff still insists that stasis of 
bile, gallbladder infection and hypercholesterolemia are necessary for the 
production of gallstones. Wilensky,®® the most ardent proponent of the 
hypercholesterol theory, likewise insists that infection is associated with 
an increase of cholesterol in the blood and bile in the pathogenesis of 
biliary calculi. 

On the other hand, Rothschild and Wilensky,*® and Rovsing”® 
believe that a saturation of the gallbladder bile with cholesterol alone 
will precipitate stones, and Dewey has produced gallstones in animals 

18. DeGorce, quoted by Butt, A. P. : Round Worm (Ascaris Lunibricoidcs) 
in the Gallbladder, Surg. Gynec. Obst, 35:215-216 (Aug.) 1922. 

19. Novack, quoted by Singer (footnote 11). 

20. Lobstein; Report of a Surgically Treated Case of Hemorrhage of Gall- 
bladder which Endangered Life, Gyogyaszat, 1923, p. 286. 

21. Bouisson, quoted by Naunyn (footnote 3, first reference). 

22. Singer (footnote 11). 

23. Rovsing, T. : Gallstones, Cause, Not Result of Infection, Acta chir. Scaii- 
dinav. 56 : 103-155 ; 207-272, 1923. 

24. Aschoff, Ludwig: Lectures on Pathology, New York, Paul B. Hoeber, 1924. 

25. Wilensky, A. O. ; Hypercholesterolemia, Surg. Gynec. Obst. 38:163- 
170 (Feb.) 1924. 

26. Rothschild and Wilensky (footnote 2). 

27. Dewey, Kaethe: Experimental Hypercholesterolemia, Arch. Int. Med. !<• 
757-785 (June) 1916. 
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by feeding an excessive amount of fat. However, an excess of choles- 
terol in the bile cannot be necessary in the formation of all types of 
gallstone, for the bilirubin calcium stone is virtually without any choles- 
terol in its make-up. 

Cholesterin was first noted in gallstones b}^ Conradi in 1775. 
Since then it has been observed that most gallstones contain considerable 
cholesterol, many being reported 95 per cent or more “pure cholesterol” 
by the Bloor determinations. Hyperdiolesterolemia in association with 
gallstones has been observed by Wilensky,*® Rothschild and others.-® 
In 200 determinations of the blood cholesterol in cases of gallbladder 
disease, compared with gallbladders proved “negative” at operation, I 
also found a relative increase in the blood lipoids. There is, of course, 
much variation in the cholesterol content of the blood, and although 
cholesterol values may be low even in the presence of gallstones, the 
average cholesterol content for a long period of observation will be high. 

Huchard,®® in 1882, first noted the relation of pregnancy to gall- 
bladder disease, and his observations have been amply verified since. 
Osier stated that 90 per cent of the women with gallstones had borne 
children, and others have given almost equally high estimates. In a 
recent postmortem study,® I found tliat 62 per cent of the women who 
had never borne children had gross gallbladder disease, whereas 77 per 
cent of the women who had been pregnant were so afflicted. Numerous 
workers have noted the hypercholesterolemia of pregnancy and the 
period immediately following parturition, and the well known association 
of gallbladder symptoms at these times is of suggestive value. In fact, 
many patients with gallbladder disease date the onset of their first 
symptoms to the latter months of pregnancy or the period immediately 
following. That there is a connection between this metabolic cholesterol 
disturbance of pregnancy and gallbladder disease is strongly supported. 

That the metabolic fat disturbance in obesity is likewise associated 
with gallbladder disease, and especially stone formation, is suggested by 
necropsy statistics. In a postmortem study of patients weighing over 
220 pounds (99.7 Kg.), 90 per cent had gallbladder disease, whereas 
only 30 per cent of the adult patients weighing 110 pounds (49,9 Kg.) 
or less had diseased gallbladders.® 

28. Conradi, quoted by Boyd (footnote 8, second reference), 

29. Rothschild, M. A., and Rosenthal, N.: The Dietetic Manapement of Hy{v.‘r- 
cholesterinemia in Cases of Cholelithiasis, Am. J. M. Sc. 152:394-403 (Sept.) 
1916. 

30. Huchard, quoted by Schrager, V. L. : Clinic.al Obscrv.ntions on the Etiol- 
ogy of Gallstones in Women, Surg. Gyncc. Obst. 38:344-347 (March! 1924, 

31. Osier, William: Modern Medicine, Its Theorj- and Practice. Philadelphia, 
Lea and Febigcr, 1913-1915. 
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In this connection, it is interesting, too, that the morbidity of gall- 
bladder disease varies quite remarkably with its geographic distribution. 
Americans apparently have a higher percentage of gallbladder disease 
than any otlier nationality, the postmortem records indicating that about 
15 per cent of the adult population have biliary calculi. European sta- 
tistics likewise give relatively high figures, the incidence from the 
average necropsy series being 10 per cent, whereas only 3 per cent of 
the Japanese women have stones and 0.1 per cent of the natives of 
Java.^*’’ Lick'*’"* comments on the rarity of the cases of gallstones 

among the natives of Africa. It seems apparent that the low fat values 
of the food intake of these peoples is concerned with the low lipoid 
content of the blood and bile, which is an inhibitor)' factor in the forma- 
tion of the cholesterol “common’' stone. Especially significant are these 
figures, when one recalls that gallstones have been produced experimen- 
tally in animals simply by excessive fat feeding. 

In 1887 Bristowe®'* suggested that the mucosa of the gallbladder 
could excrete cholesterol, and Adami and Herter have concurred in 
this opinion. Recently Dewey,"' Meyer, Starling,’'” Boyd,® Grigaut®° 
and Sweet have ventured the opinion that the gallbladder mucosa 
might absorb cholesterol. I have been induced to agree with the latter 
by experimental work on dogs, in which lipoidal particles were found 
passing from the lumen of the gallbladder through the gallbladder wall 
and into the blood stream " (fig. 6). 

From these data it seems likely that the jirompt passage of lipoidal 
fat (cholesterol) is sometimes disturbed, with the resultant acciunula- 
tioii of cholesterol in the gallbladder wall, producing the pathologic 
picture of cholesterosis (that is, the “strawberry” and “papillomatous” 
gallbladders). When this passage of cholesterol through the gallbladder 

32. Mayaki, quoted by Singer (foolnolc 11). 

33. Dc Langen, C. D., quoted by Hcncs, Edwin: Gallstones: Their Basal 
Etiology, Wisconsin M. J. 20:220-225, 1922. 

34. Lick, quoted by McGuire, Stuart: Opinions on Various Questions in Gall- 
bladder Surgery Based on 1,000 Operations, Virginia M. Month. 50:688-692 
(Jan.) 1924. 

35. Bristowe, quoted by Naunyn (footnote 3). 

36. Adami, J. C. : On Gallstones and More Particularly Upon Their Choles- 
terin Constituents, West Canada M. J. 3:1-17, 1909. Adami, J. G., and Nicholls, 
A. G. : Principles of Pathology, Philadelphia, Lea and Febiger, 1909. 

37. Herter, C. A.: The Etiology and Chemical Pathologj' of Gallstones, Tr. 
Cong. Am. Phys. & Surg. 6:158-194, 1903. 

38. Starling, E. H.: The Principles of Human Physiology, Philadelphia, Lea 
and Febiger, 1915. 

39. Grjgaut, A.: Le cycle de la cholesterinemie, Paris, 1913.‘ 

40. Sweet, J. E. : The Gallbladder: Its Past, Present and Future, Internat. 
Clin. 1:187-226 (March) 1924. 
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add base reaction of the bile, these charges are altered, resulting in a 
precipitation of cholesterol. It is probable that the bile salts hold the 
cholesterol in suspension and that with a change iti these salts, and a 
consequent variation in the acidity of gallbladder bile, this equilibrium 
is disturbed. The cholesterol content of the bile varies greatly from 
hour to nour, and it seems quite likely that the bile salt content likewise 
varies. The conditions, therefore, for such alteration of charges in the 
cholesterol ions are present ; thus, the theory becomes a fascinating one, 
though difficult to prove. 

The e.\perimcnlal work of Oliver is in accord with this theory. 
Oliver demonstrated that bile in which gallstones had formed would be 



Fig. 7. — Small <;liolesterin stone, with mns.<;ivc precipitation of cholcstcrin 
material about it, completely (illing the cavity of the gallbladder. 

precipitated in layers if left in a test-tube for a number of hours, 
whereas normal bile would not. I was able to confirm these observations 
in some measure, but noted that on exposure to air such bile became 
alkalinized more rapidly than normal bile. And, indeed, Rous, 
McMaster and Drury have noted that if acid is added to such bile no 
precipitation occurs. 

42. Oliver, S. F. : Effect of Bile Salts in the Urine on Routine Tests for 
Albumin, J. Lab. & Clin. Med. 7:743-745 (Sept.) 1922; Etiology of Gallstones, 
J. Lab. & Clin. Med. 8:242-250 (Jan.) 1923. 

43. Rous, Peyton ; McMaster, P. D., and Drury, D. R. : Observations on Some 
Causes of Gallstone Formation: I. Experimental Cholelithiasis in the Absence of 
Stasis, Infection and Gallbladder Influences, J.^ Exper. Med. 39:77-96 (Jan.) 
1924 ; II. On Certain Special Nuclei of Deposition in Experimental Cholelithiasis, 
ibid. 39:97-116 (Jan.) 1924; III. The Relation of the Reaction of the Bile to 
Experimental Cholelithiasis, J. E.xper. Med. 39:403-423 (March) 1924. 
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The Lichtwitz theory at least explains the sudden precipitation of 
gallstones, and also the lamination of calculi resulting from intermittent 
deposits, seen so often in the common stones. I have observed several 
interesting illustrations of the sudden precipitation of the entire bile 
content of tlie gallbladder. In one instance the patient had a laparotomy 
and during the exploration two large hard gallstones, about 6 cm. in 
length, were palpated. The gallbladder was otherwise collapsible. A 
pelvic operation was performed and the abdomen closed. Two days 
later the patient died from a pulmonary embolus. At necropsy, two 
large, hard cholesterin-rich gallstones were found, and also a soft, 
crumbly, brown substance, which was firm enough to be handled, and 
which when removed, in toto, formed a complete cast of the gallbladder 



Fig. 8. — Stnal] cholesterin stone, with massive precipitation of cholcslerin 
material about it, completely filling the cavity of the gallbladder. 

cavity. The chemist reported it 95 per cent cholesterol. Significantly 
enough, the gallbladder bile was alkaline. 

An equally interesting case was found later, in which a cast of tlic 
entire gallbladder cavity was formed, even one of the leaflets of the 
valves of Heister being visible in the mold. The center of this mass 
was a radiate cholesterin stone about 1 cm. in length. The cliemi>i 
reported that this central stone, which was relatively firm and probably 
very old, was “approximately 95 per cent cliolesterol.” The cast wa< 
a homogeneous mass of bile pigment and cholesterol (figs. 7 and 8). 

These two cases illustrate the fact that a sudden massive precipitation 
of the entire cholesterin content of the gallbladder bile can occur in the 
gallbladder cavity, and they suggest that the usual laminations of the 
common gallstone occur in this manner, but that the precipitation is 
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checked before it is complete, by a recovery in the clicmical equilibrium 
of the !)ilc, which can occur when the excess cholcstcrin is removed by 
precipitation and the bile acid base balance is again restored. 

SUMMARY 

There arc probably two types and two sources of gallstone forma- 
tion: (1) the bilirubin calcium stone containing little or no cholesterol, 
and arising within the intrahcj)atic ducts, and (2) the cholesterol stone 
containing varying degrees of cholesterol and arising within the gall- 
bladder cavity. 

Disturbance of cholesterol mclalwlism of the body generally, or of 
the gallbladder wall locally, with a resultant increase in the cholesterol 
content of bile, is probably a primarj' factor in the formation of 
gallstones. 

Stasis of bile and infection of the gallbladder arc not essential to 
gallstone formation, hut both are usually present with all stones. 

Nuclei of some sort arc invariably present, and arc possibly essential 
to the actual formation of stones. Portions of cholesterol laden mucous 
membrane lying free in the gallbladder cavity probably form the nuclei 
for a large portion of cholcstcrin stones. Without a nucleus it is pos- 
sible that the ingredients of stones |xiss out of the gallbladder. 

These conditions, namely, an increase in the cholesterol content of the 
gallbladder bile, the presence of a nucleus and a change in the pn value 
of the bile, particularly toward alkalinity, arc probably the essential 
features of cholcstcrin stone formation in the gallbladder. 



UNUSUAL VERTEBRAL LN'JURIES 

REPORT OF CASES 

IRVIN EALENSWEIG, M-D, 

Instructor, Clinical Surgery, Department of Orthopedic Surgery, Cornell 
University Medical College; Assistant Attending Surgeon, Ilo-.ijital 
for the Ruptured and Crippled. 

XEW YORK 

The early recognition of a fracture or fracture-'! : -lot ation of tlic 
spine should not be a difficult task in the light of o-ir jorcsent clinical 
and roentgenologic knowledge. The average ph}-!.::an fccLs that a 
person who is not paralyzed and who has not fallen troiii a con<^if]era]j]c 
height is merely suffering from a strain of the had;. Ihc terms 
“fatality” and “permanent disability” invariably arise a-> a word picture 
in the mind of the physician and layman when tlnnking of fractures of 
the spine. The failure to request lateral views of the site of injury in 
addition to anterior posterior roentgenograms is to be condemned. '1 he 
former are of far greater diagnostic value. Then again, the orthopedic 
surgeon is consulted late in the course of the condition, during which 
time the injured has developed an anxiety neurosis in additioti to the 
already existing physical symptoms. This is hard to combat and the 
treatment and disability are therefore unnecessarily prolonged. 

ETIOLOGY 

1. Mechanism A, Direct Violence: These cases arc rare. B. Indirect 
Icnce: A sudden forced hyperflexion of the spine as a result of falling from a 
height and landing on the back of the neck and shoulders; a heavy object falling 
on the flexed trunk, or a sudden muscular contraction in an attempt to lift .a h'-avy 
object may be the cause of these cases. 

2. Location; Fractures of the spine usually involve a sinele vcrtc!>ral l»'.dy. 
The site of election is the dorsolumbar segment e.xtcnding from the tb.vi-mjj 
dorsal to the third lumbar level. The first lumbar vertebra is the oi.v rn 
frequently affected. Fracture dislocations occur more frcqtiently in tlv: x;iip';r 
cervical and lower lumbar regions, or in the locations llial are the mo-t 


SUP.JECTIVE PIIEXO-ME.VA 

1. Pain: A. May be referred along the course of the nerves ari-inv fr- :r. 
injured levels. B. Usually is localized to ivithin a small r.adm-, o: t'c" b-' n. 
C. Is aggravated by attempts at movement of the spine. D. I- r<:-rr' I - 
site of the injury when the top of tlie head is .-tn.-k r,r v.h.eri th- p-ti-:.: jerr/. 
on his heels. 

2. Weakness: A. Of the trunk. B. Of the 

=*•03503 presented before the Ortlr-pedic Fvru -v. ..f i:;- .'.'e-.' :\r:.lzr.y 

of Medicine, January, 1926. 
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Fig. 2 (case 1). — Degree of rotation one month after the accident. 
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5. Ronclgcn-ray Observations : Wlicncvcr pnssil)lc at least two views of tlic 
spine siioutd be shown. A proper interpretation of the roentgenograms sbould 
include; A. Contour: angulation, lateral deviation and rotation. B. Shape of the 
vertebral bodies: compression, wedging and fragmentation. C. Intervertebral 
spaces: narrowed; irregular. D. Articular facets and their relationships to one 
another. E. hracturc of laminae. F. Fractures of transverse processes. G. 
Fracture of spinous processes and their relationship to one another (may be ov'cr- 
lappcd in dislocations). FI. Productive changes denoting evidences of healing. 



Fig. 4 (case 1). — Appearance one month after injury. 


The following case reports are presented because of various 
■unusual phenomena. 

REPORT OF CASE 

Case 1.— P. D., a motorman, aged 46, was perfectly well until Nov. 1, 1923, 
when he lost his footing at the head of a flight of stairs and fell forward, 
landing at the bottom of twelve steps with his head acutely flexed against the wall. 
He remained unconscious for twenty minutes. He was removed to his bed, where 
"he remained for two weeks, suffering intense pain for the first twenty-four hours. 
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fracture of tlic superior aspect of tiic laniiiia of tlie second cervical vertebra with 
little separation. 1 he anterior posterior view was of no diagnostic value, 

T he patient was fitted with a leather collar and received graduated physical 
therapy. The collar was worn for a period of three months, at the end of which 
time the patient was discharged .'is cured and allowed to return to his former 
occupation. He was last seen in January, 1926, when he stated that he has 
continued at work and is perfectly well. 



Fig. 6 (case 3).— Lateral appearance, April, 1924. 


The unusual features in this case are the inability to recognize the 
lesion without the use of the roentgen ray, the lack of proportion 
between the roentgen-ray findings and the clinical phenomena; the rapid 
recovery, and the absence of neurologic signs. 

Case 2.— H. K., a man, aged 59, a sexton and "handy man," was well until 
Sept. 9, 1920, when while painting the front of a house on a scaffold, he was 
thrown to the ground by the breaking of a rope. He fell a distance of 14 feet 
and landed on the back of the neck and shoulders. He did. not lose consciousn^s. 
He was removed to his home, where he remained in bed for two weeks, being 
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treated during this time for a sprain of the neck. He was dissatisfied with his 
physician so placed himself under the care of a chiropractor from whom lie 
received twent}' spinal adjustments. Because of failure to obtain relief from pain 
he sought the advice of another phj’sician, who ordered roentgenograms. The 
latter, according: to the physician, were negative. After about nine months of 
unsuccessful attempts at alleviation of the pain he came to me. 



Fig. 7 (case 3). — Lateral appearance, Xmember, 1‘'25. 


.>\l this time he complained of jiersi.-tem pain of tlie necl:. Iie..d.'ie!n', v. 
of the upper extremities and inability to li<)ld the he.!'! i-.'-eet. - 

revealed in addition to the foregoing, a contraction of the ar.t< ri' r im!-.!- - < 
the neck which maimainetl the cervical ^p5nv in an .Mtitn'l'" of matin ; i’. • 

much that the cliin touched the ^te^num. Mowmem"- >•: t!-..- v. >-r 

rc-stricted in all direction^., and accomp.inied by nm-e'e O'.oi:: 1 

was no difiicnlty in swallowing, n * v<"!Ce ch.'itiec- • mi!':;*-. 

Tlio grip on Ivtli sities w.as wc.ak. Xo m-!> -ry chanee- v.frr :> ii.- ri-;''’*.' 

t'f the upper extreinitic' were < x.'ivet r..ted ; th o: tl ■ r <. \;r; - '/.r*- 

active and eciual. 
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Roentgenograms taken soon after the initial examination revealed in the 
anterior posterior view an indistinctness of outline of the bodies of the fifth, 
sixth and seventh cervical vertebrae with an obliteration of the intervertebral 
spaces between these segments. The vertebrae above and below the site of injury 
were normal in appearance. The lateral view showed a displacement of the fifth 
cervical posteriorly for a distance of one-eighth inch. The todies of both the 
fifth and the sixth cervical vertebrae were irregular in outline, compressed from 
above downward and increased in their transverse diameter. The intervertebral 
spaces were markedly diminished. There were also present proliferative changes 
of the anterior borders of the fifth and sixth cervical vertebrae. 

The diagnosis was fracture dislocation of the cervical spine with involvement 
of the fifth and sixth cervical vertebrae. The patient was treated conservatively; 
he was fitted with a leather collar and received physical therapy. He later devel- 



Fig. 8 (case 5). — Degree of flexion, November, 1921, and gibbus. 

oped radicular symptoms as a result of pressure due to the proliferative bone 
changes in the region of the intervertebral foraminae. In addition to these he 
developed an anxiety neurosis. After four j'ears he is still under treatment by 
the insurance company. 

The points of interest are failure of early recognition of the lesion 
and late nerve manifestations. 

Case 3. — R. F., a chauffeur, aged 20, was first observed April 22, 1924, complain- 
ing of pain and stiffness of the back and weakness of the lower extremities. He was 
well until March 12, 1924, when he attempted to back an automobile on to an 
elevator on the third floor of a garage; the elevator having been raised to the 
floor above, the machine dropped through the shaft and landed bottom side up, 
the patient being found underneath the car. He was removed while unconscious 
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Fiff. 9 (case S). — Lateral appearance showing fracture of first lumbar vertebra, 
November, 1921. 


a short distance without complaining of pain and weakness. The spine showed the 
presence of a mild posterior and lateral curvature to the left in the dorsolumbar 
region. Movements were restricted in all directions, and were accompanied bj’ 
muscle spasm and pain. Jumping on the heels or striking the top of the head 
caused the pain to be localized to the first lumbar vertebral region. There was 
a good deal of muscle tenderness on cither side of the spine from the level of 





38 


ARCHIVES OF SURGERY 


the eighth dorsal to the first lumbar segment. There were no sensory changes. 
The knee jerks were exaggerated; the ankle reflexes could not be elicited; the 
abdominal and cremasteric reflexes were active and equal. 

Roentgenograms, April 22, 1924, showed the spine deviated to the left in the 
dorsolumbar region, and compression of the ninth, eleventh and first lumbar 
vertebrae with an increase in the transverse diameters. There was some irregular- 
ity of the inferior surface of the twelfth dorsal vertebra and diminution of the 
intervertebral spaces between the eighth and ninth dorsal, ninth and tenth dorsal 
and between the tenth and eleventh dorsal regions. The lateral view showed the 
presence of a posterior curvature and wedging of the involved vertebral bodies, 
and in addition fracture of the anterior portions with only slight separation. The 
intervertebral spaces were only slightly diminished. 



Fig. 10 (case 5). — Amount of flexion possible twenty-eight months after 
accident. 

The patient was admitted to the Hospital for the Ruptured and Crippled and 
placed on a convex stretcher frame without traction. He remained at the hospital 
for six weeks, receiving daily massage of both the back and the extremities. As 
a result of this the deformity became almost completely corrected; the knee 
reflexes became normal. The patient was discharged wearing a plaster jacket. 
After discharge from the hospital the jacket was renewed from time to time until 
June, 1925, when a plaster corset was applied, allowing for the institution of 
physical therapy. The corset was discarded by the patient in November, 1925. 

Examination since then showed that the patient is able to flex the spine 75 
degrees, extend the back 10 degrees and bend to either side about 25 degrees. He 
has been working at his former occupation for the last year, and complains neither 
of pain nor of tiredness. The roentgenogram of November, 1925, shows in the 
anterior posterior view a slight deviation of the spine to the left in the dorso- 
lumbar region and productive changes of the borders of the twelfth dorsal and 



/f. //./;.V.V/f 7;7(,-. - f 7:707 /;7.70 . \!. IXJVKUiS 


39 


fi!M Inuibnr vorlrhi.ir i.itri.illy wiili fii'-ion. 'riu* Inlcivd view reveals complete 
Iiraliuf: n{ the fiarimr-. nj ilir Ividirs with the prc'-ence of some profliiclivc changes 
of the anteiiiM' hot<lri<-. 


'I'he result of oiusi'fvativf tlirr;ij»y has lu-cii must gratifying in this 
instamv. This case is unusual because uf the invfdvenient of three 
Vertebral bodies separatcfl by normal undisturbed vertebrae. 


J. — r;. W.. :i mill: wae.nn tiriver, aged 3'l, was well imlil August, 1924, 
wlini hi'- w.igon was slrtirl: hy an automoltilc Irnrk and the patient was thrown out. 
Me w.'!-- removed to a ueathy hospital, and was disrlj.argefl at the cud of two weeks 



I'ig. 11 (case 5). — .Amount of side hending possible. 

with a diagnosis of sprain of the hack and muscular contusions. For the following 
three months he received baking and mas.sage of the back without relief. 

The patient came to me because of the persistence of pain, weakness and inabil- 
ity to work. Examination, November, 1924, showed a w’ell developed man walk- 
ing about without assistance and presenting a moderate posterior curvature of the 
dor.sal region. There was a small but definite projection at the level of the 
spinous process of the first lumbar vertebra. Movements of the lumbar spine were 
partially restricted in all directions, more especially in flexion and extension. 
These movements were accompanied bj' muscle spasm. There was tenderness 
on cither side of the spine from the level of the eleventh dorsal to the second 
lumbar vertebra. The reflexes were active and equal. No sensory changes could 
be found. Jumping on the heels localized the pain to the first lumbar segment; 
striking the top of the head did not cause any pain to the injured site. 
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A roentgenogram of Nov. 29, 1924, disclosed in the anteroposterior view an 
obliteration of the intervertebral space between the twelfth dorsal and the first 
lumbar bodies. The lateral view showed the presence of a mild posterior angula- 
tion of the dorsolumbar region with the apex at the level of the first lumbar 
vertebra. The first lumbar vertebral body was wedged, and its anterior superior 
margin was irregular. There was a diminution of the intervertebral space. The 
diagnosis was compression of the first lumbar vertebra. 

Because of the patients anxiety to return to his former occupation at an early 
date the spine was fused from the level of the eleventh dorsal to the fourth lumbar 



Fig. 12 (case 5). — Lateral appearance, September, 1923. 


vertebra. The patient was able to perform light work three months after the 
operation, and return to his former occupation one year after my first examina- 
tion, or fifteen months after the accident. 

The features of interest in this case are failure of recognition of 
the lesion by the hospital staff ; absence of neurologic findings, and the 
ability of the patient to return to his former occupation at a compara- 
tively early date. It is often stated by authorities that a person with 
a fracture of the spine is unable to return to his former occupation, 
especially if he is a laboring man. 




n.ii.ns swiih;- VEkTEnK . \l isjvries 


41 


(’am, 5.—(i. 1.., a ujaii, ajinl 24, a cnuntrr man in :i rt’itanraiit, was well until 
May, 1V21. wlun while wmhinj; ttii li*anl ■■hip he fell 20 feel throuf'h a shaft, 
lanfliiur nil hi"- hark. After two weeks' re-.t he was able to resume hi.s duties 
until the ship laudnl. Since that time he has been unable to v.'ork because of 
pcrsistetit jiain artoss the midp<irti>>n of the bael: ami weakness. He was observed 
snme siN months later, when he mniplahied of pain, .stiffness and wc.akncss of the 
spine, 'rhe cNaminatinn revealed findinirs similar to those described in the preced- 
ing case. The toentpf nnpram disclosed a eompression fracture of the first lumbar 
vertebra. Tin’s jiaiimt was triated conservatively for two years, at the end of 
which time theic was .a complete return of function of the sfiim: and he was able to 
work sixteen lioju.s a day as a counter man in a restaurant. His duties also 
included rather lalwirioiis tasks. 'I’he last .<et of roetittreiiftrams, taken about 



h'ip. l.f frase 7). — iJepres.sion immediately above the sacrum. 

twenty-eipht months after the accident, shmved that a bridftc of bone had formed 
between the sujicrior anterior Ixirder of the first lumbar vertebra and the inferior 
anterior Ixirder of the Iwdy aliove. This bridKC of bone l>ccamc fused to the 
adjacent vertebral Inidy, thus resulting in a permanent cure, 

Tlii.s case tlemonslralcs the value of conservative treatment in young 
jjcrsons. 

CASt; 6 . — ^T. W., a carpenter, aged 35, was well until October, 1923, wdicn he 
fell about 18 feet from a scaffold, landing on the buttocks. He remained at home 
for a few days and then returned to work, but he had to stop work after one 
week because of increasing pain in the lumbar region ; the pain radiated down the 
left leg. This patient received baking and massage for several months Avithout 
improvement, and was referred to me for an opinion as to the cause of the dis- 
ability, It was said that for years he h.'id had a rotary lateral curvature and that 
the injury had little to do with the pre.scnt condition. 
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Examination, July 29, 1924, showed the patient in good general condition; he 
walked without a limp, but with a tilting of the body to the left. The right 
shoulder was maintained higher than the left. The anterior superior spines were on 
equal levels. There was a loss of the normal lumbar curve, and an accompanying 
prominence of the left lumbar region. Flexion of the spine was restricted to two- 
thirds normal; extension was one-fourth normal; bending to either side, one-half 



Fig. 14 (case 7). — ^Anterior-posterior appearance of site of injury. 


normal. There was an appreciable deviation of the spine to the left in the upper 
dorsal region, and to the right in the lumbar location, with the apex of the curve 
(lumbar) at the level of the third lumbar vertebra. There was a prominence of the 
spinous process of the third lumbar vertebra and tenderness on either side of the 
spine in the upper lumbar region. Movements of the spine were accompanied by 
muscle spasm. The left lower extremity measured one-half inch (1.27 cm.) less 
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in circninicrcm’c lli:m its frllmv. The iiinhs were nf e(|ij;il lenKtlt. I'lcxion of llic 
eMeinied left lower extremity w;ts restrictcil nnd ixiinftd. The reflexes were active 
and eijnal. anti there were no sensory ehannes, 

Koentfiett-ray exatnitiation showeil a deviation to the left in the lumbar spine 
and an aceomjianyinc lotation of the vertebral bodies. The body of the third 
hnnhar vertebra was compressed in its ripht half nnd displneed toward the left 
for approximately ojte-half inch. There was a se|>aration of the articular facets 
€if the thir»l ami fourth lumbar vertebrae. The intervertebral disk between the 
third ami hturih lumbar vertebrae was markedly diminished, and that between 
the second and third was exapj;erale<l. In the lateral view, the body of the third 






I'ig. 15 (case 7), — Lateral appearance showing the dislocation of the fourth 
lumbar vertebra. 

lumbar vertebra was disi>laccd forward on the fourth. Tiie intervertebral space 
was obliterated between the two bodies. The diagnosis was fracture dislocation of 
the third lumbar vertebra accompanied by a pathologic rotatioi] of the spine. 

The unusual feature of this case was the marked amount of rotation 
of the spine which may accompany a fracture dislocation. That the 
rotation did not antedate the injury was evidenced by the fact that the 
remaining segments of the spine showed no distortion (wedging and 
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Case 7. — P. M., a laborer, aged 45, was first observed in December, 1924, at 
the Cornell Clinic complaining of pain across the lower part of the back and 
down the lower extremities posteriorly of several weeks’ duration. The patient 
had worked for the previous twenty years at heavy manual labor and remained 
well until several weeks before admission, when he slipped down several iron steps 
while carrying a load of wood on the outstretched forearms. 

He was well developed. He walked somewhat awkwardly and carefully, 
presenting a stiff back with a list of the body anteriorly. The spine from below 
upward was flattened up to the level of the crests of the ilia; at this site there was 
a horizontal ledge one-half inch in depth. From here upward the spine was found 
to be deviated slightly posteriorly. The depression was at the level of the spinous 
process of the fourth lumbar vertebra. Movements of the spine were moderately 
free above this region. Extension of the spine was completely restricted. The 
reflexes were equal, and there were tio .sensory changes. The extremities were of 
equal length and presented no evidence of atrophy. 

The anterior posterior roentgenogram of the lumbar spine .showed a diminution 
of the vertical distance of the fourth lumbar vertebra. The spinous processes of 
the fourth and fifth lumbar segments were in close approximation. The interver- 
tebral space between the fourth and fifth bodies was obliterated. The lateral view 
showed an anterior displacement of the fourth lumbar on the fifth for a 
distance of one-half inch. There was no evidence of fracture of the vertebral 
bodies. There w’as, however, a haziness in the regions of the articular facets 
between the fourth and the fifth lumbar vertebrae; all other facets could be 
made out quite clearly. 

The patient was admitted to the Hospital for the Ruptured and Crippled in 
January, 1925, and was operated on. At the time of operation it was noted that 
the spinous processes of the lower two vertebral bodies overlapped. It was also 
observed that the last lumbar vertebra could be displaced anteriorly, and when 
the pressure was released the body would return to its former position. The fourth 
segment could not be so moved. The region of the articular facets between the 
fourth and the fifth segments was found to be soft and resembled callus formation. 
The patient was discharged from the hospital four weeks after operation wearing 
a plaster jacket. At the present time he is w'earing a Knight spinal brace. The 
movements of the spine are free and painless. There is no muscle spasm. About 
two months before this article was written he discarded the brace and worked for 
several weeks at heavy manual labor, but had to stop work because of a recurrence 
of pain as a result of a sudden twisting strain. He has been advised to return 
to light work for the present. 

The reason for the delayed recovery probably was the. failure to 
insert a bone inlay graft at the time of the operation in addition to the 
fusion ; the patient would not consent to the removal of a tibial graft. 

Case 8. — A. E., a carpenter, aged 54, was well until Nov. 20, 1922, when he 
slipped down a ladder 14 feet, landing on the base of the spine. He was removed 
to his home, where he remained for three days. He then returned to work for 
three days, but suffered severe pain. After that time he was totally disabled, and 
received various forms of physical therapy for several months without relief. 

In September, 1923, the patient complained of pain and disability. The pain 
was in the lower lumbar region and radiated down the left leg. He walked 
awkwardly without assistance. In standing he held the left leg in advance and 
bent the body forward. Motions of the spine were moderately restricted in all 
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«Urcclji>»s, anil csjU'oially in cNtcnsioiK Slrikinn tlic lop of ijjc IjcikI canscci no 
pain in tlu’ ^piltl^ Tlu-ro was' a loss of the norma! hnnhar cnrvalnrc, but no 
cviiU'iH’i' of anpniation of the spine and no depression iinnicdialcly above the 
sacrum. I'lierc was lenderness of the left pluteal region and alonp the course of 
the left sciatic nerve. ’I'hc left Kernij: sipn was positive. The hij)s were freely 
movable and painless. *l‘he lower extremities were of eipjal leni;ih. The left 
thiph and calf measured one-half inch le.ss in circumference than the right. The 
Imre reflexes were active and eipial, and the ankle reflexes could not be elicited. 

The anterior posterior roenigenographic view showed slight deviation of the 
hnnhar spine to the right, 'rhere were changes indicative of osteoarthritis of the 
second and third lumbar vertebrae, and a tilting forward of the fifth lumbar 
vertebra as evidenced by a visualization of the entire proximal .surface. The 
lateral view showed a ilisplacement of the entire lumbar spine on the sacrum for 
:d>oul three-sixteenths inch. The diagno.sis was traumatic spoiub'lolisthesis and 
oslearthritis. 

'I'he patient was admitted to the llo.spita! for the Ruptured and Crippled and a 
sjiine fusioji combined with an autogenous l>onc inlay graft from the tibia was 
l>erfoinu’d in .'September, 192.1. After the operation he wore plaster jackets and 
finally a Knight spinal brace was applied to facilitate the administration of physical 
therapy. His condition has been improved locally. About one year after the 
ojieraiion he obtained a position as a hank watchman, and continued at this occu- 
pation for ojte year. .Since then he has developed a radiculitis, due probably to 
the ostearthritis, and is now incap.acitated. 

The ttttttsttal fcatnrt: in this case is the presence of a spondylolisthesis 
of traumatic ori}»iti. 



SOLID TUMORS OF THE URACHUS* 


LEO BRADY, M.D. 

HALTIMORE 

Articles on urachal cysts are published not infrequently and abdomi- 
nal surgeons are fully aware of the importance of this condition. On 
the other hand, the occasional development of solid tumors has not been 
sufficiently appreciated. The occurrence of a case of the latter kind in 
my private practice has led me to look up the literature and find out 
just how many such growths have been reported. 

KEPORT OF CASE 

Htslory. — it. K., a woman, aged 43, was referred lo me l)y Dr. Caleb Athcy 
because of lower abdominal pain and irregular menstrual bleeding. Her ftimily 
history was unimportant. Slie had had eleven pregnancies with normal deliveries. 
There was no history of urinary or gastro-intestinal trouble. Her menstrual 
periods, until the onset of the present trouble, had occurred rcgularb', lasting four 
days and unaccompanied by pain. For six months the menses had occurred twice 
a month; they had been more profuse than formerly and there had been some 
bleeding between the periods. Since her first pregnancy, the patient had had a 
moderate amount of leukorrhea, but this had not increased in amount during the 
present illness. That she had an umbilical hernia she had known for several years. 
The symptom, however, that brought the patient to Dr. Athcy was pain in the 
middle of the lower abdomen. This had been present for two years, but in the 
last few months had increased greatly in severity. 

Examination . — The patient was a stout woman who complained of pain in the 
lower abdomen. The general physical examination revealed no abnormalities. The 
lower portion of the abdomen appeared somewhat distended. There was an 
umbilical hernia, the ring of which was 5 cm. in diameter. On palpation of the 
lower part of the abdomen one could outline a firm mass that extended in the 
midline from the symphysis pubis to within 2 cm. of the umbilicus. On pelvic 
examination, the perineum was found markedlj" relaxed. There was a large 
cystocele. The cervix was slightly lacerated and unusually firm in consistency. I 
was not able to differentiate the fundus from the abdominal tumor. 

Diagnosis . — The diagnosis was myomata uteri, with a relaxed vaginal outlet. 
Because of the history of metrorrhagia and the unusually firm consistency of the 
cervix, it was decided that a dilatation and curettage of the uterus should be 
performed, a small piece of tissue excised from the cervix and these specimens 
examined microscopically so as to rule out carcinoma before the hysteromyomec- 
tomy was carried out. 

Operation . — ^This was performed at the Church Home and Infirmary, Jan. 2, 
1926. After microscopic examination of frozen sections of the uterine curettings 
and tissue excised from the cervix had shown that no malignancy was present, a 
lower abdominal midline incision was made. Under the recti muscles, but lying 
outside the peritoneal cavity was a large tumor which extended from 


♦From the Department of Gynecology, Johns Hopkins University Medical 
Department and Hospital. 
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tiu' rci;inn nf llu- MmlcliT in williiii :i lew reiilinwier? oi the navel (fig. 1). 
The recii innselc*- and liioir fa'-rias were qnlle distincl I'mni Ihis tumor and were 
not even adherent to it. 'i'he base, of the tumor reaelied to and rested on the 
bladder, hot was only lightly adherent to it. ’J'hrotigh the properitoncal tissue 
IvMh alxwc and helow the tumor were many large veins. Titc tumor was gray 
and had a definite eapMile. Allhotiglt siftiated e.vactly in the midlinc of the pro- 



Fig. 1. — Urachal myoma, showing its size and its position in the properitoncal 
tissue between the recti muscles and the peritoneum (gross section). 

peritoneal tissue, it derived its blood supplj'- from vessels entering it from the two 
sides. The tumor was easily removed without being ruptured or torn. The 
peritoneal cavity was then entered. A large piece of omentum was found caught 
in the umbilical hernia. The uterus was normal in size and contained no fibroids; 
the large properitoneal tumor had pressed it backward into a position of retro- 
cession. The fallopian tubes and the ovaries were normal. The round ligaments 
contained no myomas or adenom 3 'omas from which the large properitoneal tumor 
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Fig. 3. — Urachal tumor (cut surface) for the most part presenting the whorl- 
like appearance of a myomatous growth; scattered through the firm, opaque 
tissue are islands of semisolid, spongj’, translucent material such as one sees w’hen 
liyaline degeneration has occurred in a myomatous growth. 
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might have arisen. Inspection from inside the abdominal cavitj’ of the portion of 
the peritonenm against wliicii tlic tumor had rested showed nothing unusual. 
Since the patient was *13, gave a history of excessive uterine bleeding and since 
the peritoneal cavity had already been entered, a high supravaginal hj'Stcrcctomy 
was performed. The tnnbilical hernia was then corrected in the usual wa}’, and 
finally the relaxed vaginal outlet was repaired. The patient stood the operation 
well and one month later left the hospital in good condition. 

Pathologic Report . — Tlic uterus was of normal size and, grossly, not abnormal. 
Microscopic examination of the oidomctrium showed onli' moderate liypcrplasia. 
The tunjor removed from tlic properitoneal tissue of the lower abdomen was 
ovoid in shape (fig. 2), weighed 600 Gm. and measured 14.5 by 9 by 10 cm. 
The external surface was gray and presented everywhere an unbroken capsule. 
Numerous dilated blood vessels coursed over its surface and what was especially 
striking was the great dilatation of the lymphatics. Here and there, attached 
to its external surface, were bits of connective tissue and fat which were removed 
with the tumor. Nowhere was there any definite pedicle or stalk leading from the 
tumor. The cut surface (fig. 3) presented for the most part the whorl-like 
appearance of a myomatous growth. Scattered through the firm, opaque, grayish 
white tissue were islands of semisolid, siwngj-, translucent material such as is 
associated with hyaline degeneration in a myomatous growth. 

The microscopic sections showed smooth muscle tissue with considerable hyaline 
degeneration in place,?. The external capsule, which nowhere had been broken 
through, was made up of fibrous tissue. There was no evidence of malignancy. 
The diagnosis was fibromyoma of the urachus. 

There have been reported, including my own. twenty cases of solid 
tumors arising from the urachus. 

Hue and Jacquin ^ in 1S6S described the first of these tumors, but 
did not themselves recognize the condition, reporting their case as one 
of colloid cancer of the umbilicus and of the anterior abominal wall. As 
was pointed out by Frank - in 1893, however, one has only to read the 
original account of these two French writers to feel certain that they 
were dealing with a primary tumor of the urachus. The following is a 
summary of their case: 

A soldier, when 45 years old, noticed for the first time a firm, smooth tumor 
about the size of a chestnut which was situated in the midline of the anterior 
abdominal wall so as somewhat to raise the umbilicus. The regimental physician, 
thinking that he had to deal with a collection of pus under the umbilicus, made 
an incision into this tumor but obtained onls' a small quantity of dark hemorrhagic 
fluid. After the operation the edges of the incision, instead of healing, continued 
to spread further and further apart. By the sixth week after the incision into 
the tumor, there had developed a foul smelling fungating mass, the size of a 
pigeon’s egg, in the region of the navel of which no trace remained. In the 
center of this fungating mass was a small opening from which purulent fluid 
poured. It was found possible to introduce a stylet into this opening for a dis- 

1. Hue and Jacquin: Cancer colloide de I’ombilic et de la paroi abdominale 
anterieure, ayant envahi la vessie. Union med. 6:418, 1863. 

2. Frank, Thedor : Zur Casuistik der Urachustumoren, inaugural dissertation, 
Wurzburg, 1893. 
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taiirc nt .5 cm. TItc '•iirrotmMiiit: had by till? time lo.'t it? natural eiaiticity 

and taken nn a vif)lft CMlnr. The pcncral conditkin of tlie patient became bad so 
rnpirlly that, alfliotiph a diaeriosi.c nf cancer v.-as made, it was felt that further 
sjjrpiral prnccdur("; were not indicated. Ten m'>nths after the small lump had 
J'cen noticc<l utifier the mnbilicu.', the entire anterior wall from the navel to the 
.'•ymphy.«is pubis hafl bccfune converted into an indurated, compact funeating mass 
with three fistula.s leading into it. Micro>-fopic e.vamination of a piece of tissue 
removed from the ma^s .•showed in the midst of an amorphous substance free 
nuclei with rccmlar cfmtfiur.s and prannlar contents and al.'o many small round 
cells. During the la<>t few months the patient complained bitterly of strangury 
and frequency of urin.-ition. I'ourtccn months after the tumor was first noticed 
the patient died. 

.•\t necropsy the recti muscles were found completely transformed into a 
gelatinous colloifl ma«s. No trace of muscle fibers remained. The parietal peri- 
toiu-um under the tumor and the vertex of the bladder had undergone a similar 
transformation. The posterior surface of the bladder was normal. The prostate 
slifiwed no abnormalities. In the bladder cavity were two friable gelatinous masses 
which arose from mic base on the anterior superior jvjrtion of the bladder at 
alviut the point where the urachu« was attached to the bladder. These masses 
appeared to be continuous with the colloid material on the e.xternal surface of the 
verte.x of the bladder. Microscopic c.xaminations of gelatinous material in the 
anterior blarlfler wall and of the masses in the bladder all showed the same 
jiicturc as that given by tissue removed from the tumor starting below the umbili- 
cus, but no detailed account of the micro.scopic picture presented by these tumors 
is given. It is of interest that I-aenncc considered the tumor to be a colloid 
gelatinous carircr; \'irchow thought that it was a hyaline or gelatinous myxoma; 
J. Muller, that it was a gelatinous sarcoma. Certainly the patient died from a 
rapidly growing malignant tumor which, from its point of origin in the midline 
imme<liately below the navel and its rapid inwision of the umbilical area, v.-ith 
later c.xtcnsion to the i)ladder, almost certainly had arisen from the urachus and 
was not a primary carcinoma of the umbilicus. That it is difficult to decide on 
the e.xact type of cancer in this case can be understood from the differences in 
the diagnoses ma<le by such authorities at Virchow, Muller and Lacnnec. Pos- 
sibly, the description of the micro.<-copic observations seems to agree best with 
that of a .‘•arcffuia. 

HofTmann “ in 1870 reported the second case of urachal tumor. His 
patient was horn with a patent urachus through which urine was dis- 
charged at the umbilicus until the age of 3, when following the use of 
caustic.s the opening at the umbilicus closed and the patient e.xperienced 
no further trouble from this condition until he was 27. At that time, 
howe\'er, he noticed an indurated area in the midline of the abdomen 
between the symphysis and the umbilicus. This area gradually increased 
in size, e.xtending laterally and vertically so that the umbilicus became 
prominent. Tenesmus and polyuria next developed and, finally, there 
was a discharge of purulent material from the umbilicus. The patient 
died about one year after the tumor was first noticed, the immediate 

3. Hoffmann, Carl : Zur pathologisch-anatomischen Veranderung de Harn- 
strangs. Arch. d. Heilk. 11:373, 1770. 
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cause of dcatli apparently being a peritonitis caused by perforation of 
the malignant tumor into the peritoneal cavity. Microscopic examina- 
tion showed it to he a carcinoma of the squamous cell tyj)e. In view 
of the fact that at necropsy a canal was found extending from the 
umbilicus to the bladder, this case should he considered one of primary 
carcinoma developing in a patent urachus with secondary involvement 
of the bladder and umbilicus. 

Avcling’s case of urachal tumor, ^ which was the nc.xt to he reported, 
is of special interest to me because the tumor he described resembles 
more closely the one in mj' case than any other I have been able to find 
mentioned in the literature. 

The specimen in this case was shown, March 10, 1SS6, before the 
British Gynecological Society and was at once referred to Dr. Bland 
Sutton for diagnosis. April 28, 1886, Dr. .Sutton presented the fol- 
lowing report: 

The tumor i.s ovoid in .slinpc niul incnsurc.s 10 indies in Icnfrth niul 7 indies in 
width. It weifilis four and three quarter pounds. Tlie growtii is surrounded by 
a distinct and tliick fibrous capsule. On section, the tissue is of a dirty wliitc 
color and the cut surface looks like a sponge. Inside tiic growtii, si.K or seven 
Iiard nodules of the size of walnuts could be felt; these, when dissected out and 
divided, looked like small leiomyomata such as exist in the uterus, presented the 
same whorlcd arrangement of the fiber.s, and agreed with them histologically. 
Microscopic examination of the tumor showed that the outer portion consisted 
of unstriped muscle fibers, some of them being of large size. Internal to this, 
the cells assumed more the shape and character of those seen in spindle cell 
sarcomata, while the gelatinous material contained in the loculi is the result of 
mucoid degeneration of the sarcomatous element. 

Although the age of the patient and the clinical history is not given 
by either Aveling or Sutton in their notes on this case, the microscopic 
and macroscopic descriptions of this tumor would suggest that the growth 
was not malignant. The gross and histologic description speaks of non- 
striped muscle, and the whole appearance of the tumor suggests a 
myoma. The areas that were supposed to be sarcomatous may readily 
have been simply hyalinized fibroid nodules. This interpretation of 
Aveling’s case is also accepted by Cullen, who discussed it in his The 
Umbilicus and Its Diseases.” Figure 4 is a photograph of the original 
picture of Aveling’s tumor as it appeared in the 1886 rejDort of the 
British Gynecological Society. 

Frank” in 1893 reported a case of sarcoma which probably had 
developed in the sheath of the urachus in an 11 year old boy. There 

4. Aveling: Brit. Gynsec. J. 2:56, 1886-1887. 

5. Sutton, Bland: Brit. Gynsec. J. 2:387, 1886-1887. 

6. Cullen, T. S.: The Umbilicus and Its Diseases, Philadelphia, W. B. 
Saunders Company, 1916. 
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was no history of any flifticnlly in infancy around the navel or of any 
urinary symptoms. The condition hc}?an with loss of appetite. A few 
weeks later a tumor appearefl in the midline of the abdomeii and quickly 
extended down to the .sym])hysis. At operation, performed six months 
after the ttnnor had been first noticed, the recti muscles were found 
invaded by llie growth as was also the outer wall of the vertex of the 
bladder, and when the i)eritoneuni was opened metastatic sarcomatous 
nodules were found in the omentum. 'J'hese findin/'s alniifj with the 
descri])tion of the microscopic sections taken from the tumor left no 
doubt of the correctness of the diagnosis of sarcoma. 'J'he patient 
recovered slowly from the operation and was well two months later, 
ri.'ichcr ‘ in 1S94 reported the following case: 



Fig. A. — AvcHng'.s tumor, an account of whicli was published in 1886 in the 
lirilish Gynecological Journal (copy of photograph). That it has an external 
capsule is evident; the cut surface shows definite myomas and the tissue between 
these tumors resembles that seen in hyaline degeneration. 

A man, aged 32, remembered that in liis youth, wlien he passed urine, his 
navel would become moist. I^ter, this symptom disappeared. At the age of 32, he 
for the first time felt a tumor the size of a pigeon's egg under his navel. From 
then on the growth of this tumor was constant. In a few months burning on 
urination commenced and a sediment in the urine was noticed. Ten months after 
he had first noticed the tumor the patient consulted a physician as his urinary 
symptoms had become severer and the tumor much larger. The family physician, 
thinking that the tumor was an abscess as it felt rather soft and was in part 


7. Fischer: Die Eiterungen im subumbilicalen Raume, Samml, klin. Vortr. 
n. F., Leipzig, 1894, p. 519. 
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the rccli muscles, to have invaded the underlying peritoneum and to 
have extended, by an indurated stalk of tissue, to the vertex of the 
bladder. The tumor along with the involved portion of the peritoneum 
and the vertex of the bladder was removed. The patient made a good 
recovery from the operation. Schwarz pointed out that this was the first 
case reported of a primary adenocarcinoma developing in a urachus 
which had not primarily shown some pathologic condition, such as a 
cyst, or which had not remained patent for at least a short time after 
birth. 

Alichin's patient, a man of 64, entered the hospital complaining of 
urinary symptoms which had been present for two years. For one year 
he had noticed in the midline of the abdomen a tumor the size of a hen’s 
egg. Cystoscopic examination showed a hemorrhagic ulcerated process 
projecting from the vertex of the bladder into the bladder cavit}'. The 
urine showed blood, pus and clumps of irregular epithelium which were 
thought to be carcinomatous in nature. A diagnosis of carcinoma of 
the bladder was made. At operatioti a thick-walled cyst was found 
resting on the vertex of the bladder to which it was quite adherent. The 
tumor along with the vertex of the bladder was removed. The patient 
made a good recovery from the operation. Macroscopic and microscopic 
examination of the neoplasm showed it to be a cyst of the urachus with 
malignant changes in its walls. Michin. just as Koslowski had done, 
thought that the presence of true gland elements in his tumor warranted 
the presumption that it had originated from some embryonic remains of 
the omphalomesenteric duct, but all those who have since that time 
discussed his case have considered that both it and Koslowski’s started 
from the epithelium of the urachus. 

In 1914 Pendl reported what he thought to be the first instance 
described of a carcinoma arising from a urachal cyst. He, however, was 
not entirely correct in this claim, for Michin had antedated him by- 
two years by a report of his case which was of exactly the same ty^pe, 
although the latter had probably incorrectly considered his case to be one 
of a tumor arising from the omphalomesenteric duct. Pendl, in fact, 
in his article mentions besides his own only two other cases of solid 
urachal tumors, namely, those of Hoffmann and Schwartz. His patient, 
a man of 45, entered the hospital complaining of severe pains in the 
hypogastrium, polyuria and dysuria. On examination a cystic tumor 
was found extending from a little below the navel nearly to the 
symphysis. At operation this tumor was found to have grown tightly 
to the fascia of the muscle above it, while below it was firmly adherent 

16. Pendl, Fritz: Gallertkrebs einer Urachuscyste, Beitr. z. klin. Chir. 91:681, 
1914. 

17. Michin (footnote 15, second reference). 
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the oldest was a man of 82 with an adenocarcinoma of the urachus and 
secondary involvement of the bladder. 

3. These tumors have been found more frequently in men than in 
women. In this series the sex of the patient was not recorded in three 
cases ; in three the patients were women, in fourteen men. 

4. In Doran’s, Michin’s, Pendl’s and Cullen’s cases the solid tumors 
developed in the walls of urachal cysts. In Hoffmann’s, Fischer’s and 
Goebel’s cases malignant growths originated in a urachus that had 
remained at least partially patent from birth. Goebel’s case is especially 
interesting because a Bilharsia infection probably played a part in bring- 
ing about the malignant changes in the patent urachus. In the other 
fourteen cases of urachal tumors we know of no etiologic factors con- 
nected with the formation of these growths. 

5. These tumors have caused the following symptoms: pain in the 
middle of the lower abdomen and, when the bladder has been involved, 
dysuria, polyuria and hematuria. Four patients discovered lumps in the 
abdominal wall before they experienced any trouble from them. 
Nuboer’s case was unique in that his patient complained of pain in the 
left arm due to a distant metastasis before the primary growth had given 
any symptoms or had been noticed by the patient. 

6 . Eighteen of the reported cases have been malignant, two benign. 
In nineteen cases the growths arose primarily in the urachus. In one 
case (Rotter’s) a primary papillary adenocarcinoma of the bladder 
extended to, and secondarily involved, a patent urachus. 

7. Of the eighteen malignant tumors, seven were sarcomas, eleven 
were carcinomas. One of the carcinomas (Hoffmann’s case) was 
squamous in type, the other ten were adenocarcinomas. Pendl and 
Khaum further describe their cases of adenocarcinoma as being colloid 
in character. 

8. In fourteen of the eighteen cases of malignant urachal tumor, the 
bladder had already been invaded by the growth when the patient con- 
sulted a physician. Whenever this had occurred, there was a broad band 
of induration extending from the lower pole of the tumor to the vertex 
of the bladder at the point where the median abdominal ligament (the 
remains of the urachus) joins that organ. In six instances only the 
outer coats of the bladder were involved ; in eight, cystoscopic examina- 
tions showed carcinomatous masses projecting from the vertex into the 
cavity of the bladder. 

9. The tumor in Cullen’s case, which must have been a true malignant 
urachal growth since it was attached by a definite pedicle to the vertex 
of the bladder, had not invaded the anterior abdominal walls. In all the 
rest of the cases, at least some invasion of the recti muscles and their 
fascias had occurred. 



BRADY— URACHAL TUHORS 


(»1 


10. In only four cases of malignant uraclial tumors was the ])cri;t'ncal 
cavity found to have been invaded In* the growth. JTolTmaim s priticnt. 
on whom no operation was performed, died .suddenly ns the result of a 
perforation of the properitoneal carcinoma into the peritom ai c.avity. 
Frank’s patient, a boy of 11, was found at operation to have ir.itastatic 
sarcomatous nodules in the oinentum. The peritoneum hi neaih the 
growth, in Schwarz’s case, was invaded by the urachal tumor which 
was an adenocarcinoma, while in Cullen’s case, besides .*■ multilocular 
cyst, which had undergone carcinomatous flcgciieration. th.erc were 
metastatic nodules over the pelvic peritoneum. 

11. .'\ radical operation was perfonned in twelve of the maliitnajit 
cases, in four the condition was too far advanced for surgery to otur 
any hope of relief. Smith does not record whether or not he riperatid 
on his two cases of urachal sarcomas. In seven cases in which a radical 
ex.section of the malignant tumor was carried out. the vertex of the 
bladder was removed. Cullen's case is the only one in which imt ev( n 
a .small part of the recti muscles were removed. Villa removed the 
whole hypogastric portion of the recti mu.scles from liis j)atient. 


12. Three of the patients with malignant tumors who were operated 
on died within a few weeks after the operation; Cullen’s patient, one 
year later. The other eight ])atients arc said to have made a good 
recovery from their operations. Villa and Kloj)p. however, ar«- the only 
two surgeons who give any further history of their cases, their jiatieni'' 
both being well eighteen months after they had been o]»erated on. 

13. It is often difiicult to be sure that o>ie is dealing with a in.'dig’- 

nant tumor of the urachus and not with an inflammatury condition «.f 
the anterior abdominal wall due to infection of urachal reintiin^ or of 
urachal cysts, Cullen,''' in his book on the umbilicus ichaj>t<-r X.X.XlII’i. 
gives in detail his case of abscess of the anterior abdoininrd wail ;iii :!'.; 
from urachal remains and summarizes .-everal other .'uch. c;i'«-. ji-j. ! 
in the literature. In inflatnmalory condition', pain is .ajj; i.i b- t|;. gr-t 
symptom and fever and night sweats soon «leve!oj>. Mali'.o’.rmt gtov.:;.- 
are frequently accidently disc<ivered by the jo.unu l-r furc tloy pr. ’:: - 
any symptoms. ,\s secondary infection. I’.owi-'. tr. la t infr' 
occurs in malignant urachal growths, the :ib'-'!T;t'- tii;'.;:a ■■ : 

these two condition': can often not bi- n::.d'- tmti! aft'-: ; ; 

of the tissue removed at o]-er;!t:\-n. 


V 


1-1. Mv case was one of benign fil :o:n\ • v, 
the sheath of th.e tir.'iclm.s. T!;t ri i' • l.i-t t • 
jiatient’s urach.v.s liaf] ■! pit.::: r r 

the nraclnts presetn. In th- n ’■ h.ad e. ' 

find :mv «>tl'tr va.'c b-.-.-..'. '.v.. ; f." ■' r.:. • 
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agree, however, with Doran and Cullen that Aveling’s tumor was really 
a benign fibromyoma of the urachus instead of a sarcoma, as he supposed 
it to be. 

15. My study of malignant urachal tumors has impressed me with 
the fact that these growths occur more frequently than had previously 
been supposed, and that to cure these cases a very radical operation must 
be performed, usually including removal of the vertex of the bladder 
and portions of the anterior abdominal walls. 
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CotUintted froui /■<»'/<* •‘.•Vf 
KKPOKT OF CA?E> 

Case 1. — I^rcurrnil spindle ccU snrcnvta of lihin; innpnt,:!!' r , !'■.•- 

siin/rniis; Ircatcd Inxiits alniir; pnlicnt U’cU, 7eitli ii H'-rr; •; 

I'l'cnly-six and nnc-half years later. 

\V. 1'., a man, aRcrl 27. fir?! noticed a ‘wcUinc td t!if li ft ti!•^'‘. .it •: • ji:' i*- •; 
of the middle atid tipper lliird*- in Marrii. 1897: tln’i- s-lowly incri;!^- ! .• 

July 28, lie was operated on by Dr. Stewart of Torniitr., (■;.i;.!i!. .\ j.r. 

recurrence tool: place and, November 25 t>f the same year, n ‘■m-i ".'' . - 

performed, consistint» in incision and curettintr f>f tbe Ivnif ; ibe ti^o.;,- 
to Dr. John Caven, protc.io-or of patludopy. I'niver'-ity of Ti.rntitn. vV- {• ■ 
nounced it a spindle cell sarcoma. Tbe tumor acain rteurred. .-’ll'! tl-' 
was referred to us for to.\in treatment in I'cbniary, 189'). 

Physical e.^amination at this time showed a tumor at a!> 'Ut (!.> juo -" •; - i 
the middle and upper thirds of the left tibia, mea-uriiu: ,5 by 4 iuriii'- (7 o !■;. 1" 1 
cm.), with an ill defined border; over the central jvirtioii v.in- tv..- itl.ir.-f' i 
the .size of a silver quarter. The patient wa« .admitted to tlw Mim ri..! H> 
where the mixed toxins of erysipelas and Ihicillns /•'■in/o/iot.-ir it 
beRun at once and continued for about two mouths. 'Jin- tumor r..f-ii’l'. *1' ■ 
appeared and the bone cavity healed with healthy eranul.-itio*'. !’.• •. ». *’ ■ 
healiiiR process was entirely completed, the jiati-ut C' utj.ac *< d , 
attach of accidental erysipelas fa patient with a fre^ii i-.it <■: ' ■ 

been in the war<l not Iour before), which ran the ii'ual cour-' .>'• *-■ 

HealiuR continued rapidly and was compbted t'.s-' or t?;ri' i • - I'l'. .•'* ' 
which the patient returned to bis home in <'aii;-.d.i. .\t tt-- p:* t-"' ■ 

si.\ and one-halt years lat<-r, he i- in exeellmt c- ndit: u v. i’’- 
b'R, anrl is .-dde to attenil to his duties as a f.’srnv r. 




Fig. 2. — Syphilitic osteitis of radius closely simulating sarcoma. 
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rtp.-fi-'!/', ;(t5<l ill*" r.ijjjfl .is! siTv*' f illV «lirr<-|iii}i. .''Jif iii;i(Jc ;i 

t.'iiij'lf !«■ jfC'Afi) \Mili lull f t'f iunl irjD.u'ii"! I'l rxrrllclit 

3'r;(l!l5 iJiliU J'CJ. •? iv.niii -i’.M. \r.^f }..{<-!, •,v);r:i 'Ijr »!'-V<-}'>;i'-(I wll.'lt V."IS 



I'if.’. 3. — I’critisjf.-i! «»>.icof'fnic j.arcoin:i of femur after one year of radium and 
r<icmKen-ray treatment ; tlte ivory-Iilce appearance of the bone above ibc tumor, 
wiib result iuK patboloHic fracture, sbould be noted. 

believed to be a metastatic tumor f»f tlie .spine, wbicb caused her death in a few 
months. 

The original slide of the tumor, which was removed at the Boston City 
Hospital in 1899, was not preserved, so it is impossible to verify the diagnosis of 
round cell osteosarcoma which was made by Dr. F. B. Mallory, professor of 
pathology, Harvard Medical School. 




Fig. 4 (case 1 in text). — Periosteal spindle cell sarcom'a of shaft of tibia; 
recovery under prolonged toxin treatment followed by attack of accidental erysipe- 
las ; patient well twenty-eight years later. 



Fi.c:. 5 (case 4 in text). — Small round cell periosteal sarcoma involving 
two thirds of shaft of femur with metastases. The patient recovered under 
toxin treatment, and has been well for ten vears. 
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and kept up witli occasional intervals of rest for three years. The tumor disap- 
peared; tliere was no further recurrence, and the patient was in excellent condition 
when last examined, twenty-nine years later. 

Case 4. — Periosteal round cell sarcoma of femur, involving two thirds of shaft, 
with extensive multiple metastases; apparent cure by the mixed toxins of erysipelas 
and Bacillus prodigosus; well ten and one-half years, when a malignant tumor 
(sarcoma and epithelioma) developed in the thigh at the site of an old roentgen- 
ray dennatitisf^ 

A. G., a man, aged 19, was referred to us in February, 1902, with a small 
round cell sarcoma involving two thirds of the shaft of the femur. The diagnosis 
had been confirmed by microscopic examination of Prof. E. K. Dunham, Bellevue 
Hospital Medical College. The involvement was so extensive that we advised an 



Fig. 7 (case 8 in text). — Periosteal sarcoma of femur. 


immediate amputation; this the patient refused. During prolonged roentgen-ray 
irradiation an extensive metastatic tumor developed in the left pectoral region; 
this was removed surgically and the roentgen rays resumed. A second and larger 
metastatic tumor, the size of a child's head, appeared in the iliolumbar region, 
involving the ilium. This was treated by toxins alone; under six weeks’ injec- 
tions, it broke down and drainage was established by an incision made through 
the upper and posterior part of the ilium. The patient made a complete recovery 
with the exception of a persistent dermatitis which followed the irritation from 
the roenten rays, in the lower and anterior portion of the thigh. At the end of 
ten and one-half years this dermatitis suddenl}' took on signs of malignant degen- 
eration; amputation was performed, Jan. 2, 1913; about two weeks later, the 
patient developed metastases in the lung and probably also in the peritoneum, and 
died Januarj- 16. 
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followed by prophylactic toxin treatment was advised. An amputation 4 inches 
(10.1 cm.) below the trochanter was performed by Dr. Erdman, and the patient 
was then referred to us for toxin treatment. The injections were begun in Sep- 
temer, 1906, and kept up for four months. The patient made a good recovery, 
and has. remained in excellent health up to the present time, eighteen and one-half 
3 'ears later. 

A microscopic examination was made by Dr. F. E. Sondern, who reported 
round cell periosteal sarcoma. The slide in this case was later lost, so that it was 
impossible to register the case in tlie Bone Sarcoma Registry. 



Fig. 9 (case 15 in text). — Osteogenic sarcoma of shaft of tibia with metas- 
tases in inguinal and iliac glands : radium and prolonged toxin treatment ; limb 
saved; patient well nine years later. 

Case 6 . — Periosteal osteogenic sarcoma of femur; amputation foUoivcd by 
toxins one year; 7vcII eighteen years. 

Mrs. S., a married woman, aged 40, had always been well until the spring of 
190S. when while dancing on a hard floor at St.. Moritz. Switzerland, she slipped 
and fell, injuring her right knee; pain developed shortly afterward, and a in a few 
weeks the leg had greatly increased in size. She was first seen by us in consul- 
tation with Dr. .-\. D. Bevan of Chicago in the fall of 1908. 
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Physical examination at this time revealed a swelling of the lower end of the 
femur, firm in consistencj’’ but not of bony hardness; the knee joint was not 
involved. Roentgen-ray examination showed a tumor apparently of periosteal 
origin. The clinical and roentgen-ray diagnosis was sarcoma. 

In view of the rapid growth and the extent of the involvement, we concurred 
in the opinion of Dr. Sevan that an immediate amputation should be performed; 
this was done in November, 1908. A microscopic examination was made by the 



Fig. 10 (case 15 in text). — Five years after treatment. 


pathologist of the Presb^'terian Hospital, Oiicago, and his diagnosis was periosteal 
osteogenic sarcoma. The diagnosis was confirmed by Ewing, and the case regis- 
tered in the Bone Sarcoma Registry, As soon as the wound had healed the 
patient was put on the mixed toxins of erj'sipelas and Bacillus prodigiosus, and 
this treatment was continued by Dr. Lull of Oak Park, under our direction, for 
nearly a year. The patient was rather susceptible to the toxins and could never 
take more than 5 minims, which produced a fairly marked reaction. 
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The patient made a complete recovery and is well at the present time, seven- 
teen years later. 

Case 7. — Recurrent periosteal osteosarcoma of humerus; treated by toxins and 
roentgen ray; limb well at present, eighteen years later. 

We are indebted to Dr. John H. Gibbon, Philadelphia, for the following report: 
I. R., a girl, aged 17 years, was admitted to the Jefferson Hospital, Feb. 14, 1908. 
On the following day an operation was performed by Dr. Gibbon, who found a 



Fig. 11 (case 15 in text). — Section from inguinal node; metastatic sarcoma. 

periosteal sarcoma with considerable infiltration of the muscular tissue; the whole 
mass was incised, the thickened periosteum was chiseled away, and the wound was 
left open with the intention of using roentgen-ray and toxin treatment in the event 
of amputation being refused. The patient was willing to have the amputation 
performed but her family would not consent to it. 

The microscopic report of the pathologist of the Jefferson Hospital was that the 
growth was an osteosarcoma, with spindle cells predominating. A later microscopic 
report by Ewing stated: “The sections are quite small, being 10 by 1 mm. 
They show what appears to be a fibrosarcoma of periosteal type, but a positive 
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diagnosis is hardly warranted on account of the small size of the tissue examined. 
There is generally more stroma than cells, except in one focus where the cells are 
more numerous.” 

Examination, March 6, 1908, showed a distinct local recurrence involving the 
muscles. The patient was put on the mixed toxins supplemented by roentgen raj's. 
Under the combined treatment the recurrence entirely disappeared, and the patient 
was shown before the Interurban Orthopedic Club, Nov. 4, 1910, in excellent 
condition. A recent letter from Dr. Gibbon states that the patient is still well, 
seventeen years later.” 



Fig. 12 (case 17 in text). — Periosteal osteosarcoma; no improvement under 
toxins and radium; amputation followed b}' toxins; well more than nine years 
later. 


Case 8. — Periosteal sarcoma of femur; endothelioma; patient well sixteen years. 
This case is case 1 in Connor’s article on endothelial myeloma. Archives of 
Surgery, April, 1926. 

H. J., a man, aged 22, was operated on by Dr. John A. Hartwell at the 
Presbyterian Hospital in October, 1909, for a tumor of the femur. The micro- 
scopic report was round cell sarcoma. In December, 1909, he was referred to us 


22. This case was reported in Ann. Surg. (Tr. Philadelphia S. Soc.), February, 
1910, and also in the Bone Sarcoma Registry. 
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by Dr. Joseph A. Blake for toxin treatment, in the hope of saving the limb. 
Slight temporary improvement was noted, but a recurrence later took place, and 
we advised an immediate hip joint amputation, which was performed by 
Dr. Blake, December 23. 

The microscopic report was: “The tumor is composed of medium size round 
cells packed together and supported by very little stroma. The tumor is vascular ; 
the blood vessels lie in intimate" contact with the cells; the cells radiate from the 
walls of the blood vessels in a manner that suggests their having originated from 
them. There are large spaces in the tumor which contain necrotic tissue and 
leukocytes. The diagnosis is round cell sarcoma (perithelioma)'.” 



Fig. 13 (case 18 in text). — Periosteal osteogenic sarcoma of femur; amputation; 
postoperative toxins; patient well nine years. 


The patient was again referred to us and received two periods of prophylac- 
tic toxin treatment at the Memorial Hospital during the winter and following 
spring. There has been no return of the tumor and the patient is in excellent 
condition at the present time, sixteen j-ears later. 

This case was reported in the Bone Sarcoma Registry' under the Presbyterian 
Hospital series of cases. Ewing has recently reviewed the slide of the case and 
pronounced it an endothelioma. 

C.\SE 9. — Periosteal sareoma of femur (clUiicai and roentgen-ray diagnosis); 
probably of the endothelioma type: recozxry under toxins alone: zvell twelve 
years. 

This case is reported in full in Annals of Surgery, March. 1913. 







Fig. 14 (case 19 in text). — Inoperable periosteal sarcoma of femur involving 
two thirds of shaft (1917) ; clinical and roentgen-ray diagnosis. 



Fig. 15 (case 19 in text). — One year later than figure 14 after eight months’ 
toxin treatment and one radium treatment. 
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Mrs. G. M., aged 27, had considerable tuberculosis in her family history. In 
May, 1912, the patient first felt pain in the right femur; this was treated for 
rheumatism for two months. Shortly after this a swelling developed at the same 
site, which slowly increased in size; there were no temperature and no signs of 
inflammatory trouble. 

Physical examination at tlie time of our first observation. Sept. 19, 1912, 
showed a hard, fusiform enlargement apparently of bony origin occupying the 
upper and middle thirds of the right femur, gradually shading off into the normal 
outline of the bone ; the tumor measured 8 by 7 inches (20.3 by 17.7 cm.) ; and at 
its largest circumference it measured 19J4 inches (48.8 cm.). The skin was 
normal. There was no vascular dilatation. 

The patient had been examined by four surgeons, all of whom agreed on the 
diagnosis of periosteal sarcoma, and all of whom advised an immediate hip joint 
amputation. Although we concurred in the diagnosis, we believed it justifiable to 



Fig. 16 (case 19 in text). — Seven and one-half years later than figure 15; 
patient now well eight and one-half years after treatment. 

avi'ait the result of a brief course of toxin treatment before resorting to ampu- 
tation. In order to verify the diagnosis, we performed an exploratory operation. 
Sept. 20, 1920; on cutting through the muscle we found a tumor apparently of 
periosteal origin, about three-fourths inch (1.8 cm.) thick; dissection revealed no 
evidence of pus or inflammatory tissue; the latter was mostlj'^ white, firm 
in consistencj', and had all the t 3 ’pical macroscopic appearances of a periosteal 
sarcoma with little or no new bone formation. A microscopic examination was 
made by Ewing, who reported “the tissue shows verj” little if any specific process 
and does not permit of diagnosis. There is infiltration of the vessels with large 
round cells suggesting sarcoma, but which might verj’ well be tuberculous. 
This same difficulty in making a positive diagnosis from microscopic sections 
had been noted in at least four of our cases which later proved to be sarcoma 
(endothelioma type). 
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The patient was immediate!}'- put on the mixed toxins of er 3 '-sipelas and Bacillus 
prodigiosus without other treatment. The tumor at once began to decrease in 
size. Three months later the patient’s condition was about the same ; if an 3 'thing, 
there was slight decrease in size of the tumor. A sinus persisted at the point of 
the original incision. While the patient showed no marked decrease in the cir- 
cumference of the thigh, her weight increased a pound a week. The toxins were 
continued about six months. 

Roentgen-ra}'^ examination made in March, 1913, showed the bone apparent!}" 
much more dense than at the time of the previous examinations, as though the 
tumor tissue had been replaced by normal bone. B}- September, 1913, the patient 



Fig. 17 (case 20 in te.\t). — Periosteal sarcoma of tibia; diffuse endothelioma 
(Ewing) ; well eight 3 ’ears after amputation followed b\' prolonged to.xin treat- 
ment. 

had gained 21 pounds (9,5 Kg.) in weight. The measurements were the same 
on both sides; her general condition was excellent, and she had no pain. The 
patient was in excellent condition when last traced, twelve 3 'ears later. 

Here we believe that the clinical, roentgen ra}' and microscopic evidence point 
almost conclusive!}' to a diagnosis of endothelial type of tumor of the shaft of 
the femur. It is interesting to note that the disea-cc was completely controlled 
by the toxins alone without radiation. The clinical history, roentgengram and 
macroscopic appearance of the tumor on exploratory operation closely resembled 
other cases of the endothelioma type of sarcoma of the long bones. 
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Fig. 18 (case 21 in text). — Metastasis to skull following amputation for 
periosteal sarcoma of femur one and a half years before. 



Fig. 19 (case 21 in text). — Four years later than figure 18; marked regenera- 
tion of bone. The patient is now well, seven and one-half years later. 
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Case 10. — Periosteal osteogenic sarcoma of femur; amputation folloxccd by 
prolonged prophylactic toxin treatment; patient well twenty years later. 

S. D., a girl, aged 18 j'ears, had a negative family historj% In the beginning 
of 1905, the patient first noticed pain in the right knee; this continued until 
August of the same year, when a plaster splint was applied at St. Luke’s Hospital. 
The condition at that time was regarded as of tuberculous origin. The splint was 
worn for nearly seven months. March 29, 1906, the patient was admitted to the 
Hospital for Ruptured and Crippled, in Dr. V. P. Gibney’s service. During the 
preceding two months she had been confined to bed and was in an emaciated and 
extremely weak condition. 



Fig. 20 (case 21 in text). — Specimen classified as endothelioma by Ewing and 
as round cell sarcoma by other pathologists; patient well nearly seven years later. 

Examination of the right knee showed a fusiform swelling just above the joint; 
the circumference of this knee was nearly 5 inches (12.7 cm.) greater than that 
of the opposite one. Roentgen-ray examination at this time showed the lower 
6 inches (15.2 cm.) of the femur nearly twice the normal thickness. 

An exploratory operation was performed by Dr. Gibney and one of us, reveal- 
ing what was believed to be a sarcoma. In view of the extent of the involvement 
an immediate amputation was advised, and performed 4 inches (10.1 cm.) below 
the trochanter, April 7. The patient u'as then put on the mixed toxins, the injec- 
tions being increased up to the point of producing marked reactions. She almost 
immediately began to gain in weight, rising from 69 pounds (31.3 Kg.). June 12, 
to 92 pounds (41.7 Kg.), October 24. She has remained in good health up to 
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the present time, and was shown before a special bone clinic at the Memorial 
Hospital in April, 1925, nineteen years later. 

The diagnosis made by Dr. Jeffries, pathologist to the Hospital for Ruptured 
and Crippled, in this case was osteosarcoma, mixed cell (no giant cells). The 
slide has been recently reviewed by Ewing and pronounced malignant osteogenic 
sarcoma. -The case has been registered in the Bone Sarcoma Registry. 

Case 11. — Periosteal sarcoma of ulna; amputation foUoived by toxins; patient 
zvell seventeen years later. 



Fig. 21 (case 12 in text). — Periosteal sarcoma of fibula; endothelioma; exten- 
sive metastases to femoral, iliac and inguinal glands as well as to lung; ampu- 
tation followed by toxins and radium; patient well six years later. 

E. I., a boy, aged 15 years, with a negative family history, early in 
July. 1908, came under the care of Dr. Robert M. Lovett, Boston, with the 
history that he had slipped on an oiled floor in the school room, fracturing and 
dislocating the elbow; this was reduced two hours later; four days later the arm 
was reset. Seven months later he began to have pain at the site of the fracture; 
a tumor developed and grew rapidly. Roentgen-ray examination showed an 
extensive tumor of the upper half of the ulna. An amputation of the arm was 
performed by Dr. Lovett in July, and the patient was immediately referred to 
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us for toxin treatment. The injections were carried out at home by the local 
physician under our direction ; they were given every other day for a period of 
three months ; the final dose, 554 minims, was given October 9 ; a severe reaction 
followed. The patient has remained in good health up to the present time, seven- 
teen years after the amputation was performed. 

A microscopic examination was made by Dr. Whitney of the Harvard Medical 
School, who reported round cell sarcoma. Since Dr. Whitney’s death his specimens 
have been scattered and it has been impossible to obtain a slide for verification of 
the diagnosis. This case has been registered in the Bone Sarcoma Registry as a 
giant cell sarcoma, but the clinical history and the roentgenograms, together with 



Fig. 22 (case 22 in text). — Metastases in lung. 


Dr. Whitney’s microscopic report, incline us to believe that it should be classed 
as a sarcoma of the endothelioma type. 

Case 12. — Periosteal spindle cell sarcoma of the right forearm and radius. 

K. W., a girl, aged 16 years, was referred to us by Dr. George H. Monks, 
Boston, April 7, 1913, with the history that five years before the patient had 
twisted her right forearm violently while at play; one year later a swelling 
appeared 2 inches (5 cm.) above the wrist joint. During the next year she 
received a short course of roentgen-ray irradiation at tiie ^^assacIuJsetls General 
Hospital. The tumor continued to increase in size, and she was seen by Dr. Monks 
in January, 1913, when a diagnosis of sarcoma was made, and amputation 
advised. The tumor at that time was 954 inches (24 cm.) at its greatest circum- 






Fig. 23. — Specimen from case 12 in text. 



Fig. 24 (case 24 in text). — Sarcoma of tibia. Amputation was performed 
and toxins were given. The patient was well five years later. 
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ference, and apparently involved the lower portion of the radius and ulna; it was 
uniform in contour and slightly tender over its entire surface, with occasional 
areas in which an indefinite sense of fluctuation could be made out. She was 
treated for three months at Grace Hospital, without improvement, and later was 
treated at the Homeopathic Hospital for nine weeks, without improvement. 

Physical examination at the time of our first observation showed a fusiform 
swelling of the lower end of the ulna and radius, beginning at \Y 2 inches (3.7 cm.) 





Fig. 25 (case 24 in text). — One month later than figure 24. 

above the lower end of the radius and extending up 5 inches (12.7 cm.), entirely 
surrounding the forearm. Extension of the fingers was limited; the skin was 
markedly discolored. 

The patient was put on the mixed toxins; twentj’ injections in all were given, 
two-thirds sj’stemically and one-third locally. There was no improvement. A 
roentgen-ray c.xamination was made by Dr. A. F. Holding, who reported sarcoma, 
apparentlj' periosteal, of the ulna, and deformity and atrophy of the radius. In 
view of the roentgen-ray and clinical observations, we decided that it was 
unwise to try conservative treatment any longer, and therefore. May 5, 1913, 
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we amputated the arm at the upper third. The toxins were resumed after the 
operation, -and were given for a considerable period of time at home. 

The microscopic diagnosis of Ewing was periosteal spindle cell sarcoma. The 
case is registered in the Bone Sarcoma Registry, 

The patient made a good recovery, she gained considerably in weight, and was 
in excellent condition with no evidence of a recurrence when last heard from, 
thirteen years later. 

Case 13. — Sarcoma of humerus, M. K., a man, aged 51, with a negative 
family history, had no history of trauma. He had the ordinary diseases of child- 



Fig. 26 (case 24 in text). — Sarcoma of tibia. 


hood : had gonorrhea at 31, but no history of syphilis. In 1913 the patient was 
admitted to the Nassau County Hospital, where a suprapubic operation was per- 
formed on account of an attack of retention of urine; this was accompanied by 
a high fever, during which the patient’s right arm suddenly became paralyzed; 
he was in bed for eighty-one days. April 12, 1915, the patient was admitted to 
the Memorial Hospital, to the service of Dr. W. A. Dowmes. He was treated for 
a year and a half with roentgen-ray irradiation for a condition of the right 
slioulder which was supposed to be sarcoma, based on the clinical diagnosis of 
Dr. L. A. Stimson, and supported by roentgen-ray examination. The condition 
slowly improved. After leaving the Memorial Hospital, the patient developed a 
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roentgen-ray burn over the shoulder; this resisted all palliative treatment. He 
was admitted to the City Hospital, April 18, 1917, where he was operated on 
by Dr. Nathan W, Green, who resected the head of the humerus, head of the 
scapula and outer end of the clavicle. The wound was slow in healing on 
account of the traumatism caused b}’ the roentgen-ray therapy. 

The microscopic diagnosis of Dr. Larkin of the Strecker jMemorial Laboratory' 
was small spindle cell sarcoma. 

The patient made a good recovery', and in a letter dated January, 1925, he 
wrote that he was in excellent condition. 



Fig. 27 (case 26 in text). — Periosteal osteogenic sarcoma of femur; popliteal 
region; amputation plus to.xins; well five years. 

The peculiar early clinical history' lends itself to the possibility that the original 
trouble in the humerus was an osteitis or osteomyelitis and tliat the sarcoma 
found at the operation one and one-fourth years later developed on the old roent- 
gen-ray burn. 

C.\SE 14. — Periosteal s/'vidle eell sarcoma of the vjclatarsal bone; amfutaiion 
foUoivcd by profliylactic to.ri/i treatment; patient v.-cll xehen last traced, ten years 
later. 

E. W. M.. a woman, aged 22, with a negative family history' had no definite 
history of injury. In June, 1901, the patient first noticed pain, and a slight swell- 
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ing in the dorsum of the right foot developed soon after. The pain increased 
in severity, requiring morphine. She was treated for a number of weeks for 
rheumatism. One of us first saw her in consultation with Dr. Alexander Lambert 
in August, 1901. The clinical diagnosis was periosteal sarcoma. An immediate 
amputation was advised, which, three days later, one of us performed at the 
junction of the middle and lower thirds of the tibia. On microscopic examination 
the tumor proved to be a spindle cell periosteal sarcoma. Shortly after the 
operation the patient was put on prophylactic toxin treatment which was kept up 
for eight months. Examination ten years later showed her in excellent condition 
with no evidence of a recurrence. 



Fig. 28 (case 26 in text). — Periosteal osteogenic sarcoma of femur. 


Case 15. — Periosteal osteogenic sarcoma of tibia with extensive inoperable 
inctastases in the femoral, inguinal and iliac glands; complete recovery under 
toxins and radium treatment; limb saved; patient well nine years later. 

C. H. S., a man, aged 39, was referred to us by Dr. John H. Gibbon of 
Philadelphia in the latter part of April, 1917, with a history of a rapidly growing 
tumor of the shaft of the left tibia of six weeks’ duration. Dr. Gibbon and 
several other surgeons regrarded it as a periosteal sarcoma. We concurred in the 
diagnosis but in order to confirm it, we did an exploratory operation, removing a 
piece of the tumor. This was turned over to Dr. James Ewing for examination, 
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and he pronounced it a highly malignant osteogenic sarcoma. We decided to try 
conservative treatment for a while instead of amputating immediately, and started 
him on the mixed toxins of erysipelas and Bacillus prodigiosus combined with 
radium treatment. From May 1 to July 19 he received 46,720 millicurie hours of 
radium over the tibia. The toxins were kept up at home by his physician. 
Dr. R. G. Gamble. In the middle of August, the patient asked permission to go 
to the seashore for a month ; as physical examination at this time failed to reveal 
any evidence of the disease remaining, we decided that it would do no harm to 
discontinue the. toxins for a few weeks. The patient returned to us in the early 
part of October. 



Fig, 29 (case 29 in text). — Sarcoma of upper end of humerus with metastasea 
in lung, diagnosed cli'nically and by roentgen ray. Toxins were administered; 
the patient recovered, and has been well for six years. 

Examination at this time showed extensive metastases in the inguinal, femoral 
and iliac glands, some of which were an inch (2.5 cm.) or more in diameter. We 
gave a hopeless prognosis but decided to try the treatment a little longer. Tlic 
radium pack was applied over the glands of the groin in October (18,000 millicurie 
hours), in November (17,270 millicurie hours) and in December (12,000 millicurie 
hours). At the same time, the toxins were resumed and kept up with occasional 
intervals of rest for two and a half years, in doses not sufficient to interfere 
with the patient’s daily routine of life. All evidence of the disease disappeared 
as shown by later roentgen-ray and physical examinations. The patient is alive 
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and well at the present time, July, 1926, with a useful limb, nine and a quarter years 
later. 

This is one of the few cases on record of a periosteal osteogenic sarcoma with 
metastases that has been cured by any method of treatment; it has been included 
in the Bone Sarcoma Registry as one of the thirteen cases (up to October, 1924) 
of periosteal sarcoma in which the clinical, roentgen-ray and microscopic diagnosis 
has been passed on by the committee which has remained well for five years, 
and the only one in which the limb was saved. 

Case 16. — Periosteal sarcoma of lower end of femur; treated with prolonged 
radiation and toxins, without control; amputation followed by prolonged toxin 
treatment; well nine years later. 



Fig. 30 (case 29 in text). — Four years after treatment; no metastases present. 


W. P., a married woman, was admitted to the Memorial Hospital, Feb. 15, 1917. 
She had had a stiff knee for one year, and had lost weight. There had been 
gradual increase in size with almost complete loss of motion in the joint, until it 
was 1 inch (2.5 cm.) larger than normal in circumference. She consulted 
Drs. George E. Brewer and George D. Stewart of New York, both of whom advised 
an immediate amputation. She then consulted Dr. J. M. T. Finney of Baltimore, 
who advised radium; this treatment was carried out at Dr. Howard Kelly’s Hos- 
pital at Baltimore by Dr. C. F. Burnam from Oct. 23, 1916, to January, 1917, 
as follows : Oct. 23, 1916, 3,308 mg. for fourteen hours ; October 29, 934 mg. for 
seventeen hours ; November 15, 3,364 mg. for eleven hours ; November 29, 100 mg. 
lor fourteen hours; December 14, 1,392 mg. for twelve hours, and Jan. 11, 1917, 
618 mg. for thirteen and one-half hours. 

There was little if any improvement from the radium. The patient returned to 
Dr. Finney in January, 1917. and he operated, chiseling a portion of the perios- 
teum from the outer aspect of the femur. The diagnosis was periosteal sarcoma. 
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The wound healed by primary union and the patient was then referred to u> for 
toxin treatment. For five months she was treated with injections of the mixed 
toxins supplemented by one radium treatment in the form of a pack (7,209 milli- 
curie hours at S cm. distance). There was little benefit noted and, July (>, 1917, 
we amputated the limb, following this with prophylactic toxin treatment. 

On microscopic examination Ewing repcirlcd a periosteal osteogenic sarcoma 
of the sclerosing type. 

The patient made a good recovery and has remained in excellent condition up 
to the present time, nine years later. This case was reported in the P.onc Sarcoma 
Registry, 
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Fig, 31 (case 32 in text), — Extensive sarcoma of upper thini of femur will; 
marked destruction of Iwne (clinical and rocntgcn-r.ay diagn'^‘■i^ j ; prohrthly 
endothelioma. Recovery was made under toxins akme; the patient has been 
well for five j’cars. 

Cask 17. — Osleosarcowa of femur. G. T.. a woman, aged 2d, with a ne'.'ative 
family history, in May, 1915, fell, injuring her left knee. The next morning ‘■Ivj 
noticed a small swelling on the outer part of the thigh; this remained unchattged 
during the following year. Feh. 2-1, 1916, she again fell, injuring tin; same h g, 
and soon after noticed a tumor on the inner side of the thigh near the knee; ihi= 
steadily increased in size; it was not assoemted with pain. 

Physical examination at the time of our fir-t ohHrv.iti' iJ, June 2't. 1916, 
showed a hard, honclike tumor, U'ginnine at the midille •>: the j> >jili;e;tl '•jii':.' 
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and occupj’ing the whole posterior surface of the thigh, measuring 4 inches (10.1 
cm.) in diameter and extending upward 5 inches (12.7 cm.). The tumor was 
extremely hard in consistency, markedly protuberant, and with broad attachment 
to the. femur. The roentgenograms showed a typical periosteal sarcoma of the 
osteoid type occupjdng the posterior lateral surface of the femur just above the 
lower end. During the first three weeks of July, 1916, the patient was treated 
with s}^stemic injections of the mixed toxins, seven in all, supplemented by the 
radium pack, 4,000 millicurie hours, applied over three different areas, July 4, 
and a similar treatment, July 9, making a total of 24,000 millicurie hours of 



Fig. 32 (case 32 in text; —Femur at time of injury showing no tumor or 
pathologic condition. 

radium. As there was no apparent improvement noticed under conservative treat- 
ment, we amputated the leg, August 20. 

The microscopic report of Ewing stated: "The section shows a spindle cell 
sarcoma inclosing many well formed trabeculae of bone. The spindle cells are 
well formed, long, slender, and are supported by considerable fibrous stroma. 
The tumor is to be classed with the fibrosarcomas in malignancy, which appears 
to be much less than in the usual bone sarcoma.” A previous report by Ewing, 
based on a microscopic examination of a specimen removed on exploratory incision, 
reads as follows : "The section shows chronic osteitis but no tumor. The tissue 
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is composed of mam* irregular trabeculae of well formed bone, hang in loose new 
connective tissue. Xew bone formation is not active.*’ 

The mixed toxins were resumed after the amputation, and kept up for a 
considerable period. The patient was examined by one of us eight and one-half 
years later, at which time she was in excellent condition. 

Case 18. — Periosteal osteogenic sarcoma of femur; amputatior. at hip joint 
folloxecd by prolonged toxin treatment: patient •well ten years later. 

J. H. F., a man, aged 48, was referred to us by Dr. David Barrow of Lex- 
ington, K}-. At the age of 4, the patient fell, sustaining a fracture of the right 
femur at about the middle. At the age of 11, he again fractured the same femur; 
he made a good recover}' witli normal function. At the age of 21. he had a slight 
periostitis at the site of tlie old fracture; no operation was performed, and he 


Fig. 33 (case 32 in text). — Femur after three months’ toxin treatment; patient 
well five years later. 



remained well until June, 1916. when he noticed enlargement at the site of the ('>ld 
fracture accompanied by considerable pain and increasing disability. In .August, 
1916. a local operation consisting in curettage was performed, followed by roer.tgt-n- 
ray treatment (eight exposures). Temporarj- improvement followed this treat- 
ment but the tumor later again began to increase in size. 

Ph.vsical examination at the time of his admission to the Mentorial Hc.spital, 
Oct. 16. 1916. showed about 3K’ inches (8.8 cm.) below the trochanter of the right 
femur, a hard, firm tumor covering the outer and anterior aspects of tl;e leg from 
Hunter’s canal downward for about 6 inches (15.2 cm.), extending around the 
femur for a distance of three-founhs of the circumference. There w.'is an old 
cicatrix SI'S inches (21.5 cm.) long, the centnal pirtion <if which was occupied 
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by an area of ulceration. There was slight dermatitis over the tumor, probably 
due to the roentgen-ray treatment. The course of the cictarix was markedly 
indurated. The right thigh was atrophied. The tumor was fusiform in outline, 
firmly fixed to the femur, and apparently originated from it. 

A roentgenogram, Oct. 19, 1916, showed extensive localized destruction of the 
femur, not, according to Dr. Herendeen, characteristic of periosteal sarcoma. 
There was thickening and fibrosis at the hila of the lungs but no evidence of 
metastasis nor of parenchyma ; there was evidence of tuberculosis in the left lung. 
The patient was immediately put on the mixed toxins of erysipelas and Bacillus 



Fig. 34 (case 34 in text). — Clinical diagnosis: osteomyelitis; roentgen-ray 
diagnosis: endothelioma; no microscopic examination; recovery under toxins. 

prodigiosus, supplemented by radium, 2,000 millicurie hours at 2 cm. distance. 
After two weeks’ treatment, little improvement having taken place, a hip joint 
amputation was performed, October 31, by one of us. The toxins were resumed 
shortly after and continued by Dr. Barrow at home for a number of months. A 
microscopic report by Ewing read: “Large spindle and giant cell sarcoma. The 
structure resembles myosarcoma and not the usual bone sarcoma. The spindle 
cells arc long, and the cytoplasm is verj- acidophil. The giant cells are mononu- 
clear.” A slide was later submitted to Dr. Francis Carter Wood, who pronounced 
it a spindle cell osteogenic sarcoma. 
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The patient is alive and well at the present time, nine years later. This case has 
been reported in the Bone Sarcoma Registry-. 

C.'VSE 19. — Periosteal sarcoma of femur (clinical and roentgen-ray diagnosis) 
involving upper half of femur; inoperable; treated by toxins and radium; zl’cIP 
nine years; limb saved. 

R. H., a man, aged 36, with a negative family history, in Januarj-, 1917, fell 
on the ice, fracturing his left femur just below the trochanter. Roentgen-ray 
examination by Dr. George Hawley of Bridgeport, Conn., showed no evidence of 
a pathologic condition. Nine weeks later, a swelling developed at the site of the 



Fig. 35 (case 34 in te.xt). — Fourteen months later than figure 34. 

injury and continued to increase in size. The patient remained in St. Vincent’s 
Hospital in Bridgeport for twenty-seven weeks, after which he was referred to 
Dr. L. Fischer of the Leno.x Hill Ho.spital, who in turn sent him to me. 

Physical e.xamination at the time of his admission to the Memorial H<)«.pit.-il, 
October 20, showed a huge tumor occupying the upper two thirds of the femur, 
apparently jicriosteal in origin, pathologic fracture and almost complete ilc.-truc- 
tion of 5 inches (12.7 cm.) of the shaft: the cirnimfcrence was 64 cm. The 
condition wa- considered entirely beyond hip joint- amputation ; 5 inches «>f the 
shaft had dc.^troyed. Roentgen-ray e.xamination showi-il jindiablc mcta-ta'es 
of the lime- I'rom 1*^17 to June. 191S, lie receivifl h*c.al and «y>temic injections 
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of the mixed toxins ; in addition, the radium pack (about 40,000 millicurie hours 
at 10 cm, distance) was applied in November, and again in December, The cir- 
cumference of the leg diminished 8 cm.; there was some union of the pathologic 
fracture; roentgen-ray examination of the chest was negative. A Thomas splint 
was applied, and the patient returned home. . He has remained in excellent condi- 
tion, and was shown before the. members of the Clinical Congress of Surgeons 



Fig. 36 (case 35 in text). — Osteogenic sarcoma after four months’ treatment 
with toxins and roentgen rays; patient gained 17 pounds (7.7' Kg.) in weight, 
circumference of thigh normal. The patient remained well for one and a half 
j’ears, then developed a nodule in lung. 

in October, 1925. Since January, 1919, he has been able to walk without a crutch 
or a cane ; the onl}' thing he has to wear is an orthopedic shoe, on account of 
the 5 inches shortening caused by the complete destruction of bone. He has 
been well for nine years. 












96 


ARCHIVES OF SURGERY 


Case 20 . — P criostcal sarcoma of tibia. R. W., a girl, aged 7 years, was referred 
to us by Dr. F. N. G. Starr of Toronto in June, 1917. There was no previous 
history of trauma. In December, 1916, the patient first noticed a swelling in the 
midshaft of the right tibia; this continued to increase in size. A number of 
roentgen-ray treatments were given in January, 1917, in. Toronto, with temporary 
improvement. Roentgen-ray examination of the chest showed a number of 
apparent metastases of the lungs, although on this point one could not be abso- 
lutely certain. 



Fig. 39 (Ewing’s case). — Specimens from patient 49 in text. 


Roentgen-ray examination at the time of her admission to the Memorial 
Hospital, June 20, also showed probable lung metastases ; therefore, three prophy- 
lactic roentgen-ray treatments over the chest were given while she was in the hospi- 
tal. The toxins, which were started in June, were kept up until July 16, 1917, 
when in view of the fact that there was no marked improvement an amputation 
was performed at the middle lower third of the thigh. It is interesting to note 




Fig. 40 (case 19 in table 7). — ^Endothelial myeloma of femur with mctastascs 
in spine. 



Fig. 41 (case 42 in table 7). — Central malicnant sarcrima of femur. 
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that the patient had an occasional temperature of 102 before the toxin treatment 
was given; this is one of the rare cases of sarcoma of the long bones associated 
with marked temperature. The tumor was apparently of periosteal origin with 
very extensive involvement of the greatertportion of the shaft of the bone. 

A microscopic examination was made by the pathologist of Toronto General 
Hospital, whose diagnosis was round cell periosteal sarcoma. The amputated leg 
specimen was examined by Ewing also, who reported diffuse endothelioma. 


Fig. 42 (case 42 in table 7).— Two and one-half months later than figure 41. 
The patient developed metastases after amputation. 



The toxin injections were resumed a few days after the amputation and 
continued for nearly six months after the patient left the hospital. She has 
remained in good health up to the present time, eight years later. 

Case 21 . — Periosteal sarcoma of femur with multiple metastases in skull. 
W. L. B., a boy, aged 6 years, when about 3 years old, in 1916, fell from a pony, 
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St’.M.MAKY 

The hi.stcdojjic i-xanunaiinn of twelve Moinachs re.^eoietl for ulcer of 
the duodenuu) <ir ulcer of the >i<in)ach aiul eitjhi .•;u>juach.< re.*;ecte(l for 
cancer reveals that there ar<* evideuce.s of {lasiriti.s in the iuuct»sa of all 
.stomachs examinctl. 'J'his form of fiastritis is chtiracterizetl hy islands 
of imestine-like mucosa, are.as of clark-stained t‘i)ithelium with evidences 
of regeneration and glands with numerous hranching alveoli lined with 
a light-staining cuhoidal epithelium f p.^emlopyloric glands of Stoerk), 
increase in size and number of lymph hdlicles ami other lymphoid 
elements. Defects in the mucosa, erosiims and .small micro.scopic ulcers 
are frequently encountered. 
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On closer examination one finds that the cells possess a cuticular 
border. The cells with acidophilic granules are situated at the bottom of 
the tubules. The mucosa of the stomach epithelium stains red with the 
acid components of the Jenner stain, while the goblet cells stain blue with 
the basic elements of the stain. 

There seems to be a dispute as to the true nature of these observa- 
tions. The majority of investigators agree that such heterotopic intes- 
tine-like pictures are a result of the various destructive and pathologic 
processes of the stomach mucosa. Such islands are frequently sur- 



Fig. 15. — Two islands of intestine-like mucosa found in othenvise normal 
pyloric mucosa. Low power magnification. 

rounded by atj'pical glands. Hammerschlag,"” Heyrovsky,® Stoerk * and 
Moszkowicz “ believe that the aberrant islands in the mucous membrane 
are produced by pathologic processes. The adjacent epithelium covers 
the defect with an indefinite kind of epithelium which later gives rise to 
the stomach or intestinal type of epithelium. 

Midler.-^ however, maintains that intestinal islands are due to 
disturbed embryologic development. He could not demonstrate any 

25. Miiller. P. F. : Beitrag zur Histologic und Parhogenese des Ulcus pepti- 
cum ausjerhalb und inncrlialb des Magens, Beitr. z. klin. Cbir. 123:1, 1921. 
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The changes are mostly limited to the distal part of the stomach 
in the area of the distribution of the pyloric glands. The mucosa of 
the fundus displays a form of h)'perplasia and h3’^pertrophy with increase 
in the size and number of parietal cells described as etat mammelonne. 
Contrary to the opinions and descriptions found in textbooks on 
pathology, etat mammelonne is limited to the fundus mucosa and is not 
an inflammatory process. 

The evidences of gastritis are more pronounced in specimens resected 
for cancer. Gastritis, ulcer and cancer are found most frequently in 
the area of distribution of the pyloric glands ; the area of distribution of 
the fundus glands is seldom the seat of any disease of the stomach. The 
fundus glands are more differentiated and more resistant to any 
pathologic change than the pyloric glands. 

The limitation of the varied diseases of the stomacli to its distal part 
in the area of the distribution of the pyloric glands should be of interest 
and importance in relation to the surgical prophylaxis and surgical thera- 
peutics of cancer and ulcer. 
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powers of the germ layer are more limited than those of the original 
ovum, and they become diminished with the gradual differentiation of 
the organ. Under normal conditions, the adult grown cell produces its 
own kind, while under experimental conditions, the dormant powers of 
the cell will have a wider scope. 

The cells in the glands of the stomach mucosa are destroyed by 
various agents. The defects are healed by a rapid cell proliferation. 
Through the loss of connection with the surrounding old cells, new 
mechanical or chemical conditions are produced which have a tendency 
toward nondifferentiation. Under new conditions and new environ- 
ment, the cells may demonstrate new possibilities through the awakening 
of dormant powers. In the crypts and tubules which have dark-stained 
epithelium the protoplasm and nuclei frequently have the appearance of 
a mass where the cell border may be absent and only nuclei are seen. In 
such groups of cells and nuclei there are groups of regenerated epithe- 
lium, goblet cells, Paneth cells and cells with cuticular borders. 

EROSIONS 

Microscopic ulcerations and defects in the mucosa were encountered 
in all the stomachs I examined. Some of these defects were funnel 
shaped (fig. 13) or resembled the structures of a chronic ulcer (fig. 16). 
Others had bizarre forms (fig. 17) and displaced only one or two 
tubules or only one foveola. Some extended to the muscularis mucosa, 
while others involved only the superficial part of the mucosa. Not a 
few of these ulcerations were in close relation to the many lymph fol- 
licles and the groups of round cells (figs. 18 and 3). 

The adjacent epithelium at the edge of the defect either looks normal 
or is swollen, desquamated and mixed with leukocytes and lymphocytes. 
Even with low power magnification one frequently observes that the 
epithelium at the edge of the defect is stained darker than the rest. 
With high power magnification one sees that this epithelium shows 
definite evidence of regeneration and proliferation, not unlike the process 
seen in the healing of a chronic ulcer (figs. 17 and 16). The epithelium 
is seen to be fused in buds with numerous nuclei and a few polymorpho- 
nuclear leukocj'tes (fig. 14). 

The funnel-shaped ulcerations are filled with mucous plugs or 
exudates containing leukoc}d:es, l3Tnphoc)’^tes and desquamated epithelium 
(figs. IS and 13). At the base of an ulcer occasionally there is necrosis 
of tissue, and there is evidence of granulation tissue below. The defects 
are surrounded by glands, some of which appear normal, while others 
are branching, lined with an epithelium resembling that of the pyloric 
glands. The glands are directed either obliquely or perpendicularly 
toward the lumen of the defect. A rolling-in of the fan-shaped 
groups of glands toward the defect is also obsen'ed. 
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Recoverj' under expectant treatment. 

Comment. 

Summary. 

The complications which result from fractures of the skull can be 
placed .in three different categories, namel}'; (1) those that are inevitably 
fatal, (2) those for which the patient can be treated successfully by 
craniotomy and (3) those that heal spontaneously if treatment is not 
given. 

In order to study the fatal cases, 512 cases which came to necropsy 
are here reviewed. Sixty-one clinical records are also presented so that 
the effects of craniotomy and the final results of expectant treatment 
may be considered. 

PART I. COMPLICATIONS CAUSING DEATH 
DESCRIPTION OF THE AUTHOR’s MATERIAL 

The 512 necropsies referred to in this article were performed by me • 
or were seen in my work as Assistant IMedical Examiner of New York 


Table 1. — Age Incidence and Casnaltics in 507 Necropsies 


Age 

No. of Cases 

Age 

No. of Oases 

1-10 

16 

50-60 

87 

10-20 

20 

60-70 

ES 

20-80 

63 

70-S0 

25 

30-10 

90 

SO-93 

2 

10-50 

116 

90-100 

1 


Casualty Incidence 


•Automobile nccidents 

ISO 

Knocked down in assault. .. . 

11 

Street car accidents 

19 

Horse kick 

1 

Bicrclo accident 

. . 1 

Struck by blunt Instrument. 

21 

High fans 

11 

Hit by falling object 

5 

Loir falls 

61 

Hit by flying object 

1 

Fail doirn stairs 

51 

Hit by moring object 

3 

Throirn doim in assault... 

3 

Nature of casualty unknown 

100 


City between Jan. 1, 1920, and March 15, 1926. Five cases of the 
entire number were those of infants under 5 years of age, and these are 
considered separately. The remaining 507 cases included persons of all 
ages and conditions. Of this number, 445 were men and sixty-two 
women, which is the proportion to be expected in cases of injury. Taken 
by decades, the age incidence showed that the middle period of life is the 
one in which fracture is most likel}’^ to be included. The figures for the 
different ages are given in table 1. Highway accidents, which included 
automobile, street car and bicycle accidents, formed over 40 per cent 
of all the cases. The fracture was generally produced b}*^ the vehicle 
striking the person’s head directly, by knocking his skull against the 
street or by crushing his head in some way. 

The other types of injun’^ were caused by the head striking against 
a solid surface, or were produced by some object coming into violent 
contact with the head. The first group included falls or assaults in which 
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the deceased was either knocked or thrown down. The second group 
comprised assaults by blunt instruments, kicks by horses, blows and 
falling objects of any kind striking the head. 

In 100 cases the cause of the fracture was unknown, as the deceased 
was found either dead or in a coma. Most of these injuries were 
probably caused by falls. 

CLASSIFICATION OF THE FRACTURES OF THE SKULL 

It is necessary to classify fractures of the skull according to their 
location, form and extent, because these features generally suggest the 
intracranial complications that are likely to be present. Any attempt of 
this kind, however, is difficult, as the fractures cannot be separated easily 
into definite, well marked categories. Many transitional forms occur 
which are hard to fit into any scheme of classification. 



Fig. 1. — Diagram of the base of the skull showing its separation into fossae 
and how the boundaries of the fossae converge toward the body of the sphenoid 
bone. A represents the anterior fossa; M, middle fossa; P, posterior fossa; E, 
location of the external angular process of the frontal bone; T, location of the 
mastoid process of the temporal bone; C, crista galli of the ethmoid bone; 5", body 
of the sphenoid bone ; B, basilar process of the occipital bone ; F, foramen mag- 
num; Hj torcular Herophili. 

A preliminary consideration .of the anatomic characteristics of the 
skull and the way in which different fractures are produced, however, is 
helpful in attacking the problem. 

First, the skull must be regarded as an oblong box composed of a 
vault and base. The vault is a strong, curved dome of bone, of even 
thickness, with the exception of two fragile plates in each temporal 
region. The base, however, is an irregularly flattened structure, com- 
posed of heavy masses of bone, weakened by thin plates, numerous 
foramina and bony cavities. The strong and weak points in the base,. 

furthermore, have a systematic arrangement which is best illustrated 
by a diagram (fig. 1), 
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when the abdominal muscles and the diaphragm are responsible for 
the compression of the viscera. The recoil waves of the blood in the 
portal circulation are stopped when the blood in the capillaries of tlie 
portal system meet the arterial capillaries close under the mucous 
membrane. The capillaries burst, and a hemorrhage is produced. 
Beneke,®® however, is of the opinion that such primary hemorrhages are 
not of importance in the formation of hemorrhagic erosions as generally 
understood. 

The embolic theory has been emphasized by many European and 
American authors from the pathologic observations and experimental 
work. Vasomotor changes of the arterioles have been considered respon- 
sible for such hemorrhages. Hemorrhages and erosions have also been 
produced experimentally through the spasm of the muscularis mucosa 
b)' the injection of pilocarpine. There are many other experimental 
methods by which hemorrhagic erosions can be produced. 

The etiologic factors of the erosions found post mortem, or produced 
experimentally, are closely related to the agonal phenomenon of death. 
Just before death, when the muscle of the heart becomes weak, and 
its action such that the circulation in the stomach mucosa is slower and 
weaker, a rapid focal digestion may take place, causing erosions. The 
various toxins of infectious diseases causing parenchymatous changes 
in the other organs of the body may, in the same manner, easily disturb 
the protective agency of the stomach mucosa against self-digestion, and 
also produce various hemorrhagic erosions. 

The erosions and defects described are found in the mucosa, which 
is subject to gastritis in its various manifestations. I could not find 
any changes in the blood vessels or hemorrhages in the mucosa which 
would explain the etiology of these defects. Nauwerck and Konjetzny ° 
have also failed to find any changes in the blood vessels, sucli as end- 
arteritis, sclerosis, emboli or thrombosis, which would explain the acute 
formation of these erosions. The histologic picture of the defects found 
in the surgical material concomitant with the pathologic condition of the 
rest of the stomach mucosa makes these defects and erosions different 
from the hemorrhagic erosions found post mortem. 

THE XATURE OF IXPLAMMATIOK 

The nature and significance of the histologic picture and the factors 
concerned in the production of such frequent changes in the mucous 
membrane of the stomach are still problematic. The gastritis is evidently 

29. Bcnekc. R.. quoted by Aschoff, L.. Pathologische Anatomic, ed. 6, Jena, 
Gustav Fischer. 1923. vol. 2, p. 715. 

3f>. Von Xauwerck. C.. quoted by Konjetzny. George Ernest: Chronische 
Gastritis und Duodenitis als Ursache des Magenduodenalgeschwtirs, Beitr. z. 
path. Anat. 71:595, 1923. 
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The base shows a division into six fossae, two anterior, two middle 
and two posterior. A strong mass of bone, the external angular process 
of the frontal, separates the outer extremity of each middle fossa from 
the anterior fossa in front. In the same way, the mastoid and petrous 
processes of the temporal bone separate the middle and posterior fossae. 
Strong structures of bone also come between the two anterior and the 
two posterior fossae. As figure 1 indicates, the body of the sphenoid is 
the common center or hub which connects these masses by long ridges, 
forming a radiating figure with six spokes. 

The bone between the spokes forms the floor of the different fossae, 
and is generally thin, especially over the orbital roof and middle ear 
cavity. The spokes are, however, rather strong and tough, except at the 
different points of weakness in the anterior and posterior boundaries of 
the middle fossae, of which the sphenoidal fissures and the ear cavities 
are the most important. The central point of the skull is also rendered 
less resistant by numerous foramina and cavities. The alternating areas 
of strength and fragility have an important influence on the course of 
the fracture lines in the skull. 

The fractures are almost always produced by the application of vio- 
lence to the vault, which causes the skull to change its shape, so that the 
bone becomes especially flattened at the site of impact. The fracture 
lines generally start at this point, as it is here that the greatest strain is 
thrown on the continuity of the cranial bones. 

The fractures follow certain well defined rules. In most instances 
they run from the vault down into the base, though sometimes they travel 
along the vault instead. In the base, the fracture lines generally select 
the bed of the fossae between the strong masses of bone that form its 
boundaries and, for the most part, are directed toward the central point 
of the skull. The fractures also tend to run in the direction of the line 
of violence. When the point of impact is in the back of the head, the 
direction is from the back to the front. When the force strikes on the 
side of the head, the fracture runs toward the opposite side, and if the 
contact is in the frontal region, the fracture is directed posteriorly. 

In general, the crack in the bone has a tendency to seek the lines of 
least resistance. An expanse of skull with gradual curvature is less 
resistant to violence than an area of bone with sharp curvature, and the 
fracture most often seeks out the former unless other factors are present 
which modif}' its course. The normal suture lines of the skull, especially 
on the vault, are also involved in many fractures because they are 
naturally weaker than the rest of the bone. 

The most convenient classification of fractures is into the two main 
categories of : ( 1 ) tliose involving both vault and base, among which are 
included a few confined to the base alone. (2) those involving only the 
vault. 
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not a result of actual invasion of bacteria, since there is seldom a typical 
picture of bacterial inflammation or the type of inflammation that is 
usually seen in the mucous membrane of other organs. I'ins form of 
gastritis is characterized by a proliferative and regenerative phenomenon 
resulting in the pseudopyloric glands of Stoerk. the intestinal islands 
and the dark-stained groups of epithelium, formation of microscopic 
ulcerations and increase in the lymphoid elements. 

Usually the repair of injuries is characterized by the formation of 
intensive blood supply, granulation tissue and the elimination or absorp- 
tion of the injurious substances, and later by an attempt at restoration 
to normal. Marchand points out that an attempt of the organ to 
repair loss of tissue and to regenerate is not always accompanied by 
inflammation. The process of inflammation is developed only in the 
higher vertebrates, and even among these there are definite diiTercnces. 
In the lower animals the defense against injury is accomplished only 
through the process of regeneration. The same process takes place in 
the early stages of the human embryo, and only in its later stages does 
inflammation occur. 

In the stomach mucosa an infiltration of leukocytes and an increase 
in the number and size of the lymph follicles arc observed ; however, as 
Moszkowicz has j^ointed out, these changes arc not always related to 
the erosions and ulcerating areas or the islands of heterotopic epithelium, 
and even in chronic callous ulcers there arc only a small wall of leuko- 
cytes and edema, 'i'he reaction of defense docs not apjrcar to be com- 
mensurate or significant in comparison with the reaction of the same 
insults to the mucous membrane of other organs. Moszkowicz believes 
that gastric juice is directly responsible for the inhibitory inihicnee on 
the inflammatory process. The fonnation of granulation and scar tissue 
takes place when the muscvtlaris mucosa is broken through, but <-ven 
here the gastric juice prevents any extensive fonnation ni the coin- 
pitiu'jus of inflammation. Only when the liver. ])ancreas or other organ- 
in the abdomen are near an ulcer does an itiflammaiory peritonitis prevetu 
a sudden ]>erf«>ration of the ulcer. When the ulcer face.s the free 
abdoiuijial c.aviiy, there is often a perforation without previous .‘^yjnjuojus 
bvcau-i- there has not been sufficient inflanunatory reaciii>n. 


It i- pov-ihle that the factors which cause the cltatige- in the -tomach 
me.cu-a :tve nf a ])roiean nature. Acute gasiriti- proi!nct-(l in the cour-«- 
"f ;.n infectiotis dise.a-e through tlu-aciioji of hacieri.'d toviuv, i.r liirough 
ducv't h.acttrial inva-ion of the wall of th.e -tomne}]. in.'iv h<- th.e b-gjp,- 
e.ir.g of ehro;iic gastriti-. In the di-cn-ion on the eroii.,u< I have ir.en- 
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The first categor}’^ was further subdivided according to the distribu- 
tion of the fractures into: (a) posterior fractures; (&) lateral fractures, 
and (c) anterior fractures. 

A further subdivision was made, according to the form and extent 
of the fracture, into : (a) linear or fissurfe fractures, single linear cracks 
in the bone, showing at the most only a few minor side branches; 
(&) composite fractures or fractures composed of several fissures. The 
milder forms showed only a few fracture lines running in the same 
direction as the line of violence. Others showed extensive comminution 
of the bone at the site of injury. 

The vault fractures were subdivided into; (a) linear fractures; 
(&) composite fractures, and (r) depressed fractures. The last named 
category was identified whenever the bone was broken into several plates 
and depressed inward in a limited, sharply defined area of the vault. 
The arrangement of the material in this classification is shown in table 2. 

T.able 2. — Kinds of Fractures Studied 


Fractures involving vault and base 471 

(1) Posterior location 176 

(a) Linear Iractures 9G 

(b) Composite fractures 82 

(2) Lateral location 232 

(a) Linear fractures 9D 

(b) Composite fractures 188 

(3) Anterior location 61 

(a) Linear factures 28 

(b) Composite fractures 33 

Vault fractures 86 

(a) Linear fractures 12 

(b) Composite fractures 16 

(c) Depressed fractures 8 


Fractures Involving Vault and Base. — (1) Posterior Location; The 
posterior fractures were relatively numerous ; they occurred in about 35 
per cent of the entire number of cases. They all followed an impact in 
the posterior region of the vault which caused shortening of the sagittal 
diameter of the skull. The lines of fracture traveled down into the pos- 
terior fossae in the majority of instances, although some also extended 
into other regions of the skull (figs. 2 and 3). 

(2) Lateral Location : As the sides of the vault are the most expan- 
sive areas in the cranium, and as the bone is the flattest and most exposed 
to the trauma, it is not surprising that lateral fractures reached the pro- 
portion of 45.9 per cent. They were invariably caused by an impact 
against the side of the head which produced shortening of the lateral 
axis of the skull. The fracture ran forward and downward in the 
majority of cases, running transversely through the floor of the middle 
fossa tow-ard the sella turcica or the sphenoidal fissure. They often 
e.xtended bej-ond the boundaries of the fossa to the anterior fossae or the 
middle fossa on the opposite side (figs. 4 and 5), 
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tioned the pepsin-antipepsin balance, which is easily disturbed and which 
contributes to the various acute lesions of the stomach mucosa. Repeated 
chemical, thermal and mechanical injuries to the mucous membrane 
through indiscretions of diet, causing the various disorders of the 
stomach in infants and transitory dyspepsias in adults, are considered to 
be a starting point in the production of the histologic clironic gastritis. 
The mechanical, thermal and chemical insults may not be extensive, but 
if repeated will eventually terminate in a chronic gastritis. According 
to Stoerk,^ chronic gastritis can be produced only by various insults of 
the stomach mucosa through tlie innervation peculiar to the stomach, 
since the repeated injuries are not extensive. 

When the wall of the stomach of an experimental animal is stimu- 
lated in one part, even if the omentum is pinched by an artery forceps, 
the whole wall becomes pale. Occasionally a depression can be seen in 
the wall of the stomach after the omentum is pinched. Stoerk believes 
that it is this peculiar innervation tlirough which an injury in one part 
of the stomach, bringing other parts of the stomach into reflex and 
sympathetic stimulation, may disturb the secretory innervation and injure 
the pepsin-antipepsin balance. Limited and repeated injuries to the 
stomach mucosa can produce an extensive gastritis through a process 
of multiplication of the injury connected with its peculiar innervation. 

COMMENT 

The pathologic changes observed in the mucosa of the antrum reach 
higher along the lesser curvatures of the stomach. Some of the valleys 
are covered by onh'^ one layer of epithelium, which is frequently 
desquamated or destroyed. The fan-shaped groups of glands bend over 
so as to cover some of the walls almost completely. It is possible for 
the gastric juice to be held in these depressions for a longer period than 
usual, which leads to desquamation or ulceration of the mucosa. 

The various microscopic erosions and defects found in all stages of 
destruction and healing do not resemble the typical fresh hemorrhagic 
erosions, the so-called stigmas of Beneke and the experimentally pro- 
duced erosions. In this connection a more critical interpretation must 
be made of the experimental work as related to focal infection as the 
etiologic factor of ulcer of the stomach or duodenum. I have pointed 
out the vulnerability of the stomach mucosa, the agonal factors of death 
contributing to the fonnation of hemorrhagic erosions and the numerous 
agents which have been employed in experimental work and which have 
been successful in producing stomach erosions. 

I was impressed with the ulcerations and defects found in the 
stomach mucosa of the surgical material examined as closely related to 
the concomitant gastritis found in these stomachs. I was not able to 
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Fig. 2. — T 3 'pes of posterior linear fractures. A represents linear fracture 
running into the foramen ma^iiim; B, linear fracture crossing the foramen mag- 
num and invading the petrous portion of the temporal bone on the opposite side; 
C, linear fracture running into, the jugular foramen; D, linear fracture crossing 
posterior fossa to end in the jugular foramen on the opposite side. 



Fig. 3. — Types of posterior composite fractures. A represents angular type 
of posterior composite fracture; B, angular type of posterior composite fracture; 
C, dendritic tj'pc of posterior composite fracture; D, dendritic tj’pe of posterior 
comiKisite fracture: E. extensive posterior composite fracture where the fracture 
lines joint at the sella turcica and isolate the posterior portion of the base from the 
rest of the skull; /•'. comminuted type of posterior composite fracture; G’ and G", 
lKi>e and vault distribution of a posterior composite fracture which practically 
bisect' the skull in the sagittal plane. 
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stoinadi which a:t- !<<ni;d cja ojijjtan! with nlcr; of ihi- ‘<to;narh and 
df.c'drtnjtn an.d whiih ate itt thr v.iijonv oj Inaditn;. 11*’ hclicvc'' 

that th.r fio'.it.ti'- <ha!:}.*r isijo tht/<n5i’ n!.'*-;- ntid' t th*- intlnm*'*’ i»f ftinc- 
tiunal ;m<5 chnnicai tai'j<.5- 


Many invr*.{i;;.ito;>. ;-.o\v a;;;**' th.;.t a 
stnail moit-n M«<'! «>! th*- r;<<'-:i'n-* 
fonn*5 on ti;r Ir-T* < n;-...ttn<' a? th*- 
*i{ iht" ‘ttan.'si'h, Viha'h h'Ci.n;*- ths*"!;;*- 
atttntio!) to thr- a:-..ii.*inic an*! jdr. 'S<d. ;n‘' 
<ha’)io!i atal I’hsotiicst-k <*:' tin- n'e*-:- .i!*' 
IH-Ilrvc'* that the vjo.Mti of th*- na:;«*w 
^to!na^•h ate th.*- asiat* ttne at:*! i>h> 't*d<-:.‘ii’ 


ch{*inu’ :sl<-rf otii.'ittai*’'- in a 
!, witll thi- r\C''-Ji!ion <*f tljo-C 
p^los’.n- o: at ilte ivthmn^ 
nicri--. ,\‘ch.o!{'‘ ha*- oallr*! 

' ;a*-t<'i*- as •«-lat*-<l to th** pr**- 
-ns; i):*- inrvatnr*-. II*- 

j-a's ata: tin- hisihway of tin- 
i.»nt{i)'ttii!5s: fai’i*i:s. llf al*-** 


JxnJllv oSJt the «t<-)si‘|rnt hh -xS 'ttpph <*f thr Ir*.*.* ;- csjf vatntr. 

1 have f}*'tj«niih. «<h'rs\*-i5 in th*- '.p*-%-:nj*-}ts rsattjiitrd that when 
c:im’i-r «l*>rs not iifisjjjsat** itt a chi**ni»‘ nha-r. it js t-losrly assofjatc-d with 
a jx.rnliar Jni«’i'otopio a«*l hyprttt<'j*hic nt!t<hiioss of the i;lan<K *if the 
!>t«»inach. 'riir j^latstl" have !<«st their rrM-tnhlatsi’r i** th«* orifp'na! tundiis 
or pyloric jdan*)'-. Thr mhtjl*-^ atal aJv«-<'!i arr itterrasr*! jjs vj.-r and 
ninnhcr. Thr j;laji<is an- hrtrn*i*»pic an*l irrr;,*tslar. with a tew micro- 
cvst> presrjst. Th*’ c**lK linint: thr tnhnirv an- lan;e. *lcfinitely itijih 
cjihunnar. lip.ht ^^aini^U’. with ha-al mteU-i (1*’^:. I'M. U i>; *litVK’uh t** >tate 
whether sneh ilisease jiieitireN represent a hyperimjihic f*»rni of ijastritis 
or definite cancer. It i> my oj*ini«»n that Mich a hypcrir*»j)hlc mnc«*sa rep- 
resents a precancennts c»intlition, since I find concomitant witli snch 
pictures definite cancer, tnhnlar or **t a simple itifiltraiin;^ type (fiy. 20). 
1 hope t<t eonsjtler this jdiase *tf jiaih«»lo{*ic conditions of the stomach 
in another article. 


I wish to emphasize the division of the stomach into two jiarl.s, a tact 
which is t»f c*tiol*){*ic interest atnl \v«»rthy «»f consi*lcratiott from a thera- 
pemic point <*f view. The pars <lit;estoria. which is the larjjc.si ])roximal 
part of the stomach, makes only tonic contractions, and is lined by 


32, H.-iuser, Gustav: De.s eltroniscliv MaRvssnescluviir, Leiiszig, F. C \V 
VoRcl, 1883. 

3.3. Hcmcter, John C: F.xpcrimcntal Basis of the Dietetic and Medicinal 
Treatment of Hyperacidity and Gastritis. J. .•\. M. 29:196 (Oct. 9) 1897. 












Fig. 20.-Infiltrating simple type of cancer. 
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Some peculiar types of lateral fracture were produced by a crushing 
force and not by a sudden impact. The causative agent was invariably 
an automobile. The wheel passed over the head, compressing the skull 
laterally and, as a rule, the base splint across the middle fossae, though 
other areas were involved as well. The fissures usually gaped open 
rather widely, and the base of the skull could be readily separated across 
the line of fracture (fig. 5 £). 

(3) Anterior Location: The anterior region is a fragile structure of 
bone, easy to fracture, but apparentl}' not subject to so much trauma 
as the other portions of the skull. Consequently, the fractures in the 
anterior region were comparatively few, only 12.5 per cent of the total 



Fig. 6. — Types of anterior fracture. A, B and C are anterior linear fractures ; 
D, small comminuted fracture of the anterior fossa ; E, anterior composite fracture 
composed of two approximately parallel lines; P, anterior composite fracture; 
G, anterior composite fracture ; H, extensively comminuted type of anterior com- 
posite fracture. 

number. ^lost anterior fractures were the result of violence applied to 
the front part of the head, which resulted in a shortening of the sagittal 
diameter of the skull. The lines of fracture traveled backward toward 
the optic foramina and sometimes extended into other portions of the 
base. Occasionally the irnpact occurred in the lateral part of the frontal 
region, in which event a transverse fissure across both anterior fossae 
was produced (fig. 6). 

The orbital plates were sometimes broken when some other part of 
the skull was struck. Any connection between the fracture arising near 
the point of impact and the orbital lesion often was not obvious. The 
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a tumor developed in the upper third of the shaft of the femur. This jrrcw 
rapidly, and in August, 1917, an amputation was performed by Dr. Siiiart 
McGuire of Richmond, Va. The microscopic diagnosis was periosteal sarcoma 
of the round cell type with no giant cells. 

In October, 1918, he first noticed a swelling in the right parietal bc>nc, and 
beginning exophthalmos; there was a softened area of tlie skull, which steadily 
increased in size. At the time of my first observation in June, 1919, there was a 
depressed area occupying nearly the whole right parietal region and apparent 
absence of bone over the area, 2 by 3 inches (5 by 7.6 cm.) in size; pulsation 
was easily felt; there was marked exophthalmos. Roentgen-ray examination by 



I'ig. 43. — Central malignant osteogenic sarcoma of tibia; o.xpbiratory uptrati'-n 
followed by prolonged to-\ins; limb saved; patient well four year;, later. 


Dr. Quick showed destruction of both table,-, of the skull over the midj'.arietal 
region, and an extensive intracranial tumefaction beneath which strongly sug- 
gested a cyst. A hopeless prognosis was given, but a trial with the mi.xcd toxins 
was advised as a palliative measure. The toxins were begun June 6. 191‘», in d oti 
ranging from one-fourth to 3 minims; thirteen injection*, in all \\ere I’ivtn ;it 
this period; marked reactions were ebtained. The injection* were then contir.Ufrd 
at home. In addition, the jiatient received two radium jiack tlead tra> ) tre..in'.* nt> 
over the right temporal and froni.'d regions (ti*tal of 12,W7 millicnrie h >ur; ; at 
3 cm. distance. He wa* readmitted to the Memorial Ho-pital. Aug. o, at 
which time the ex< phth:ilm >s \\~i' :> und ;«• b.:.ve tvarly di-;.;.;.*are’'., ar..; th.r 
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tumor mass in the brain was barely palpable. Two radium pack (lead tray) 
treatments were given over two areas of the right temporal region (total of 
5,867.2 millicurie hours) at 30 mm. distance. October 2, another, radium 
pack was applied over the right temporal region (2,940 millicurie hours). 
March 2, 1920, the lead tray was applied over two areas, the right parietal and 
the supraorbital regions (2,992 millicurie hours each). Roentgen-ray examination 



Fig. 44 (case 67 in table 7). — Central malignant sarcoma of tibia simulating 
giant cell sarcoma. 


at this time failed to reveal any palpable tumor; the bulging of the eye was 
slight. The patient’s general condition was excellent. In the latter part of April, 
1920, he developed a similar tumor with marked bone destruction in the occipital 
region, 1 by 2 inches (2.5 by 5 cm.) in diameter and easily shown by the roentgen 
rays. According to Dr. Herendeen, the roentgenograms of the skull revealed 
evidence indicating further bone formation in areas previously involved in the 
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name of “centre coup fracture” has been given to such orbital cracks, 
but the term is meaningless. The orbital roof merely broke because it 
was especially vulnerable to strain and was , unable to withstand the 
change of shape induced by the violence. 

Fractures of the Foh/#.— F ractures of the vault were comparatively 
uncommon, forming only 6.7 per cent of the total number. Usually only 
those lesions were included in which the lines of fracture were confined 
mostly to the vault. Exceptions were made, however, in two cases in 
which the skull was extensively comminuted, both vault and base, due to 
an extreme grade of violence applied to the top of the head. Such 
injuries seemed to fit into the classification more logically here than 
elsewhere (fig. 7). 

Of the different varieties, linear fractures were found in the parietal 
region. They were all short, and most of them ran downward and for- 
ward. One, however, ran downward and backward. They were, in all 
probability, produced by impact against the latei-al part of the skull. 



Fig. 7. — Types of vault fracture. A is & linear fracture of the vault; B, a 
depressed fracture of the vault ; C, a composite fracture of tlie vault ; D, a com- 
posite fracture of the vault 


Composite fractures generally were found on the vertex of the vault. 
Most of them were extensively comminuted, but a small number showed 
only a few branching lines. 

Depressed fractures were a special type confined to the vault. They 
were caused by an object with a limited area of impact coming in contact 
with the skull; in most instances, this was a blunt instrument wielded 
with homicidal intent, A few were probably caused by falls against a 
projection. The appearance of the depressed fracture depended on the 
size and shape of the blunt instrument. The edge of a flatiron produced 
a triangular depressed fracture. A blackjack caused a roughly ovoid 
depression. In fact, the character of the depressed fracture not infre- 
quently gave an important clue to the type of blunt instrument that 
was used (fig. 8). 

In this connection, it is important to note that many fractures caused 
by blunt instruments were not classified as depressed fractures of the 
vault. The instrument was often large and the blow violent, so that the 
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fracture lines sometimes extended to other regions. It seemed more 
fitting to enter these lesions elsewhere in the classification. . 

Two freak examples of fracture occurred which were included, for 
.the sake of convenience, among the composite fractures of the vault and 
base. The force which produced them, however, was unusual. The 
persons in question fell, striking on the vertex of the head, and both 
sustained fractures of the base, around and just anterior to the foramen 
magnum. There was evidence that the weight of the body, transmitted 
through the spinal column, forced the articular process of the occiput 
up through the base of the skull for a short distance. 



Fig. 8. — Small depressed fracture in the squamous portion of the left temporal 
bone caused bj' the knuckle of a fist. 

CAUSES OF DEATH 

An attempt was made to ascertain the cause of death in each of the 
507 cases so far as it could be determined from the postmortem examina- 
tion. The clinical data were incomplete and, in most instances, gave 
only the length of time that the patient sundved the injury- This infor- 
mation was too meager to allow an adequate study of the way in which 
the fatal complication developed during life. The end stages of the 
process, as disclosed at necropsy, were practicall}’- the onl}' reliable facts 
obtainable, and on these the classification had to be based. 

It was obvious that the intracranial conditions found at postmortem 
e.xamination were not necc.ssarily identical with the intracranial condi- 
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external parietal and temporal areas suffered most and showed some deep 
lacerations of this type (fig. 10). In a few instances, comminuted 
fractures in the frontal region caused extensive mangling of the orbital 
convolutions of the frontal lobes. A few posterior composite fractures 
at times lacerated the lateral occipital areas rather severely, but, on the 
whole, this was rare, as the sharply curved occiput is not easily bent 
by violence. In one case, the cerebellum was severely torn by a com- 
posite fracture in the posterior fossa, so extensively that death resulted 
from the subsequent intracranial hemorrhage. 

(2) Lacerations of the brain were designated as contre-coup when 
it was evident that they were produced by a force which fractured the 
skull at the point of impact and at the same time caused the brain to be 
lacerated by violent contact with the opposite side of the cranium. 
Contre-coup lesions, therefore, were found on the side of the head 
opposite the one on which the fracture took its origin. 

The contre-coup laceration generally occurred when the skull as a 
moving object struck violentl)^ against a surface. LeCount and Apf el- 
bach explained this mechanism by the fact that the motion of the 
head would cause the brain to lag behind the more rapidly moving 
cranium, and at the moment of impact the brain would be closer to the 
cranial bones opposite to the place where the violence was applied. The 
axis of the skull would be shortened abruptly at right angles to the 
plane of impact, and this would lacerate the brain against the opposite 
side of the skull. Most of the contre-coup lesions were undoubtedly 
produced in this fashion, and the essential factor seemed to be that the 
head was in motion or free to move at the time of casualt 5 \ 

Contre-coup lesions never occurred when the skull was held motion- 
less at the time of fracture. This point was also duly emphasized by 
LeCount and Apfelbach. It was well illustrated in the forty fractures 
produced by an automobile wheel crushing the head of the deceased 
against the roadway — cases in which motion was not imparted to the 
head by the violence. Sometimes a few direct lacerations of the brain 
resulted, but no unmistakable contre-coup laceration was identified. 
The same point was also shown in a man who was struck with a table 
leg as he la)’’ with his head on a pillow. There was an extensive frac- 
ture and a direct laceration at the point of impact, but a laceration on 
the opposite side was not present. The head was not free to move, 
and the contre-coup mechanism could not work. 

The location of contre-coup lacerations depended mainly on the 
part of the skull that was fractured, and it was noticed that they tended 
to occur in fairly well defined areas, namely, the under and outer sur- 

1. LeCount, E. R., and Apfelbach, C. W. : Pathologic Anatomy of Traumatic 
Fractures of Cranial Bones and Concomitant Brain Injuries, J. A. M. A. 74:501 
f Feb. 21) 1920. 
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tioiis present in the living subject. As information about the latter was 
lacking, it was difficult in many instances to estimate the factors respon- 
sible for the fatal result. The cause of death, therefore, except in well 
marked cases, could not be divided into hard and fast categories, and 
the classification was principal!}' valuable in that it offered a convenient 
outline for a review of the subject. The classification shown in table 3 
was used : 

Deaths from Cerebral Concussion . — ^Whenever the head is severely 
injured, a state of shock characterized by unconsciousness is imme- 
diately produced, which has been called cerebral concussion. All that 
can be said about this condition, as far as its etiology is concerned, is 
that the violence in some way jars the brain, and that the cerebral cen- 
ters are depressed. It must be regarded solely as a clinical entity with a 
pathologic basis which our present methods of examination cannot 
demonstrate. 

Table 3. — Causes of Death 


Cerebral concussion 130 

Exhaustion U 

Secondary pneumonia 27 

■ Cerebral compression, lacerations of the brain and subdural hemorrhage. . 136 

Ccrd>ral compression and extradural hemorrhage 61 

Meningitis and other septic conditions 4S 

Operation 4 

Epilepsy 3 

other injuries 30 

Katural causes 25 


As a rule, the more extensive the fracture of the skull or the bigger 
the injury of the brain, the more profound is the degree of cerebral con- 
cussion. Fatal cases, however, occur without any fractures of the skull 
and without any visible evidence of brain injury. Evidently, there is 
not any necessary connection between the concussion and the actual 
physical lesions in the cranial organs. 

The seriousness of the concussion depends on the severity of the 
violence and on the vitality of the person injured. Even in a healthy 
person, an extreme grade of violence ivill cause death in a few minutes. 
In one who is sick, senile, alcoholic or in other respects below par physi- 
cally, a slight injury may be just as fatal. Others, however, rally against 
the shock and recover consciousness rapidly, although at times the ill 
effects of the condition may remain for several hours. 

In the series of 50/ cases, deaths from cerebral fconcussion occurred 
in 139. The majority of these patients died during the first hour after 
the injury, and none survived more than ten hours. The figures were 
as follows: deaths in a few minutes, 86; deaths in from one to four 
hours. 34 ; deaths in from five to ten hours, 1 1 ; unknown duration, 8, 

The age incidence was not anything extraordinary and is recorded 
in table 4. 
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faces of the frontal and temporosphenoidal lobes. The brain rested 
directly on the dura in these areas, and, because of its close proximity to 
the skull, was easily lacerated by the contre-coup violence accompany- 
ing posterior or lateral fractures. The brain injur}’- was often severe and 
was attended by fatal intracranial hemorrhages. 

When the impact was in the posterior region of the skull, the under 
surfaces of the two frontal and two temporosphenoidal lobes were 
usually lacerated, sometimes all four, sometimes three, two or even one 
(fig. 11). There was no regularity as the extent of the involvement. 



Fig. 11.— Posterior linear fracture of the base of the skull accompanied by 
broad shallow contre-coup lacerations of the under surface of the left temporal 
lobe and both frontal lobes. 


At times, the anterior tips of the lobes would suffer instead. In other 
instances, the lateral surfaces on one side would be injured, especially if 

the point of impact in the occiput was a little to one side of the median 
line. 

A lateral impact generally produced a contre-coup laceration on the 
opposite temporosphenoidal lobe, either on the lateral aspect or on the 
under surface of the lobe. Xot infrequently, this was combined with a 
direct brain laceration on the side of the fracture. 
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The casualties which produce the concussion were, in general, of the 
more severe types. 

It was evident that the more severe fractures, as represented by the 
composite type, outnumbered the less extensive varieties in the ratio of 
over 3:1. Fractures in the posterior part of the skull were relatively 
numerous. Severe lacerations or bruises of the brain were also present 
in most cases, but they were entirely lacking in sixteen. 

The variety of lateral composite fracture which was produced by the 
crushing force of an automobile wheel occurred in thirty-four cases. 
Most of the victims were children under 10 years of age. As a rule, 
this injur}^ was rapidly fatal. 

Table 4. — Deaths Caused by Cerebral Concussion 


Age Incidence 


Years 

Xo. of Oases 

Y'cais 

Xo. of Cases 

1 to 10. 

.. 25 

40 to no 


28 

10 to 20. 

s 

50 to 00 


24 

20 to 30 

.. 17 

fiO to 70 


10 

30 to 40. 

10 

70 to SO 

• • 

2 


Casualty Incidence 



Automobile nccirlents 

72 

Knocked down in assault.. 


2 

street car accidents 

7 

Struck by moving object.. 


1 

High falls 

12 

Struck by falling object.. . 

, , 

3 

Low falls 

14 

Struck by blunt Instnimcnts 

2 

Falls down stairs 

12 

Unknown casualty 


12 

'riironm down In assault... 

2 





DllTcrcnt 'J’ypcs of 

Practiirc 



Vault and base fractures: 





Posterior linear fractures 


23 


Posterior coinpo.«!ltc 

fractures 


37 


Lateral linear fractures 


5 


Lateral composite fractures 


51 


Anterior linear fractures 


2 


Anterior composite 

fractures 


0 


Vault fractures: 





Composite fractures 



10 



Alcohol was found b}' chemical examination in the brain and liver in 
fort)' of the 139 cases of cerebral concussion, or in a ratio of 28.6 per 
cent. Alcoholism and casualty have always been connected closely, and 
the action of the drug on the central nervous system of the injured per- 
son may exert a threefold influence on the trauma : First, the movements 
of an intoxicated man are incoordinated, and he is prone to blunder into 
accidents; second, the anesthetic action of tlie drug has a tendency to 
mask the symptoms of the injury and so render the diagnosis difficult ; 
third, its depressing action on the vital nervous centers tends to empha- 
size the depressing effect of cerebral concussion, and death is likely to 
occur under a moderate degree of violence. AIcoliol was also found in 
the viscera of skull fractures of persons who died of some cause other 
than concussion. However, owing to the fact that many of these patients 
lived so long that all the alcohol in the body had been excreted at the 
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Occasionally a lateral fracture was associated with a contre-coup 
bruise on the vertex of the brain in the midline near the coronal suture. 
This lesion was rarely dangerous in itself, but not infrequently accom- 
panied tearing of the tributaries of the superior longitudinal sinus, 
which will be discussed later. Another effect of lateral violence was the 
presence of small pin-point hemorrhages in the corpus callosum, probably 
caused by impact against the falx cerebri. This also was of minor 
importance. 

Force applied to the anterior part of the skull rarely produced a 
contre-coup lesion; when such a lesion was produced, it was only of 
slight grade. The occipital lobes and the cerebellum occasionally 
showed slight contusions, but none of these were significant. 

Table 7. — Deaths Caused by Cerebral Coiufiressioit, Lacerations of the Brain 

and Subdural Hemorrhage 

Age Incidence 


Years 

Ko. of Cases 

Y’ears 

Ko. of Oases 

1 to 10. 

3 

40 to 50. 

.. 40 

10 to 20. 

1 

50 to 60. 

32 

20 to 30. 

14 

60 to 70. 

16 

30 to 40. 

10 

70 to 80. 

7 


Duration of Clinical Course 


1 to 6 hours 

32 

4 to 6 days 

.. 5 

7 to 12 hours 

27 

6 to Sdays 

7 

13 to 24 hours 

21 

8 to 10 days 

5 

1 to 2 days 

10 

14 days 

2 

2 to 4 days 

14 

Unknown 

0 


Casualty List 



Automobile accidents 

... 31 

Falls down stairs 

23 

Street car accidents 

7 

Knocked doivn, assault.... 

.. B 

Bicycle accidents 

... 1 

Hit by moving object 

2 

High faiis 

0 

Hit by blunt Instnunent... , 

3 

Low fails 

14 

Unknoam casualty 

37 


Impact directl}'^ on the vertex of the skull at times resulted in the 
contre-coup lacerations of the orbital convolutions of the frontal lobes 
or on the under surface of the temporal lobes. 

Sometimes recent brain lacerations were found at necropsy when 
fracture of the skull was not present. They were invariably produced 
b}' contre-coup violence, usually resulting from a fall, and they were 
occasionally followed by a fatal subdural hemorrhage. The point of 
impact could be located by the scalp wound. Cases of this kind, however, 
were not included in this series and are mentioned only to indicate that 
brain lacerations ivere not invariabh’’ dependent on fractures of the 
skull. 

(f) Types of Subdural Hemorrhages and Lacerations of the Brain 
Causing Death by Cerebral Compression : The deaths in this category 
were due to cerebral compression caused by (1) blood in the subdural 
space or (2) laceration of the brain. One hundred and thirty-two 
death.*, were cau.'sed by subdural hemorrhages and twenty-four by 
lacerations f>f the brain. 
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time of death, the figures are not presented here. The patients whose 
accidents came under the category concussion lived only a few hours at 
the most and were the most suitable group for the consideration of the 
incidence of alcoholism in skull fractures. 

Deaths from £:,r/iai(sfto».— Fourteen persons with fracture of the 
skull lived from one to twenty days; at necropsy, an obvious cause of 
death could not be found. Many of these were elderly persons or people 
in a low state of vitality. These were classified as cases of death caused 
by exhaustion. The slow decline was considered the result of the con- 
cussion incurred at the time of the injury. The patients rallied against 
the shock to a certain extent, but the central nervous mechanism had 
somehow been injured by the jarring, and the vitality of the person was 

Table 5. — Deaths from Exhaustion 


Age Inddence 

Tears Xo. of Cases Tears Xo. of Cases 

ItolO. 1 60 to 70 4 

SO to 40 2 TOtoS). 3 

40 to 50. 2 SO to 80. 1 

SO to GO. 1 


Casualty Incidence 


Automobile accidents 7 Tbro\m dovm, assault... 

Street car accidents X Hit by blunt instrument. 

Palls down stairs. 3 Hit by falling object.... 


Vault and Base Fractures 

Posterior linear fractures 

Posterior composite fractures 

Lateral linear fractures 

Lateral composite fractures 

Anterior composite fractures 


1 

1 

1 


5 
1 

3 

6 

1 


not sufficient for him to throw off the depressing effects of the violence. 
In this group four persons lived from one to two days after being 
injured ; two persons lived from two to three days ; three persons, from 
four to six days ; five persons, from nine to twenty days. 

The composite fractures outnumbered the linear fractures in the 
proportion of 8 to 6. Among the lateral composite group was a crushing 
fracture caused by an automobile in a boy, aged 8, who lived for four 
and one-half days after the accident. Lesions of the brain were present 
in all instances, but in only one was the lesion of any significance. 
Lobular pneumonia was not found, nor was there any obvious reason for 
the patient’s death besides the fractured skull. 

In one instance, a contusion of the cerebral cortex contributed to 
the fatal tennination. This was in a man, aged 40, who had been 
stnick in tlie right parietal region with an iron bar. A depressed fracture 
with a linear extension in to the right middle fossa resulted from the 
blow, causing a broad bruise of the motor area of the right cerebral 
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(1) A case was listed as subdural hemorrhage whenever it was 
apparent that there was enough hemorrhage in the subdural space to 
produce intracranial pressure. 

The majority of patients died within twenty-four hours, but others 
survived for several days. 

The location of the fracture and the cause and extent of the sub- 
dural hemorrhage are shown in table 8. The subdural hemorrhages 
are classified as unilateral, in wliich the hemorrhage was in one sub- 
dural space, and bilateral, when both subdural spaces contained blood. 
The words direct and contre-coup indicate whether the source of the 

Table 8. — Fractures and Intracranial Lesions Causing Subdural Hemorrhage 


Type of Fracture 

* 

Poste- Ante- 

Poste- rior lAiteral Ante- rior Vault 

Origin of the Subdural rior Com- 1/ateral Com- rior Com- Vault Com- 

Hemorrhnge Linear poslte Linear posite Linear posite Linear posite 


Unilateral Subdural Hemorrhages: 

Contre-coup lacerations of 

brain 20 IS 

Wrect lacerations of brain 0 3 6 

Direct and contre-coup lacer- 
ations of brain, combined 0 0 0 

Tearing of dura and middle 

meningeal artery 0 0 0 

Injury of old adhesion of 

brain to dura o o 0 

Torn vein, unilateral 0 o 0 


9 

s 

1 

1 

0 

0 


0 

0 

0 

0 

1 

0 


0 

0 

0 

0 

0 

1 


0 

1 

0 

0 

0 

0 


0 

1 

0 

0 

0 

0 


Bilateral Subdural Hemorrhages: 
Contre-coup lacerations of 

brain VL 

Direct lacerations of brain 0 
Direct and contre-coup lacer- 
ations of brain, combined 1 
Contre-coup lacerations of 
brain and tom dural rein 0 
Tom venous tributaries of 
dural sinus 0 


6 0 0 
0 0 0 

0 6 10 

0 10 

0 0 0 


0 

0 

0 

0 

0 


0 0 

2 0 

0 3 

0 0 

1 0 


0 

0 

0 

0 

0 


33 


33 


29 


1 


4 


67 

19 

1 

1 

1 

1 

— 90 


IS 


20 


1 

1 

— 42 
132 


hemorrhage was from direct or contre-coup lacerations, and, whenever 
the source was from some other lesion, that point is sufficiently desig- 
nated. It was found in all categories that right and left lesions were 
equally balanced ; consequently, the point is not shown on the table. 

The casualty and age tables did not contain anything significant. 

An analysis of the fracture sites and the cause of the subdural 
extravasation, however, brought out some interesting points. The frac- 
tures occurred most often on the posterior and lateral portions of the 
skull, with comparatively few involving the anterior and vault regions. 
The hemorrhages were caused by contre-coup lacerations in eightA'-five 
cases, by direct lacerations in twenty-one cases and by contre-coup and 
direct lacerations combined in iwenty-one cases. The* other intracranial 
injuries which caused this kind of bleeding were few in number and 
will he considered later. 



1036 


ARCHIVES OF SURGERY 


cortex. The brain lesion produced numerous convulsive seizures, and 
death from exhaustion followed after a stormy course of six days. 

Deaths from Terminal Lobular Pneumonia . — Persons with fractures 
of the skull who survive their injuries more than two days not infre- 
quentl}’’ develop lobular pneumonia as a terminal condition. This was 
shown at necropsy in fifty-nine patients out of the total of 507, but thirty- 
two of these died obviously of another complication, such as intracranial 
hemorrhage or suppurative meningitis. The other twenty-seven, how- 
ever, did not show any other fatal lesions either in the head or in the 
rest of the body, except the terminal pneumonia. 

Anatomically, the pneumonia was of the hypostatic lobular type, for 
the process was generally located in the posterior portions of the lungs. 
In the early stages it was often seen in the form of small, granular, 
gray-red areas of consolidation grouped around the small bronchioli. 
Later, these areas tended to coalesce, and a pneumonia similar to the 
lobar type was the result. 

Two persons lived from from twelve to twenty-four hours after the 
fracture; five lived for from one to two days; nine, from two to four 
days ; seven, from four to six days ; three, from seven to nine days. An 
unknown person in a hospital lived eight hours. 

Pneumonia usually developed after the second day, but some cases 
ran a slightly more rapid course. In the more acute types the question 
arose as to whether it was not possible that the lung condition might 
have antedated the fracture of the skull. This was not always easy 
to decide. If blood was inhaled, or the patient was exposed to cold, 
it was not unusual for pneumonia to develop rapidly. It was also 
common for many persons to have a “walking” pneumonia for several 
days, so that they could readily fracture the skull after the lung inflam- 
mation was developed fully. 

The age incidence is shown in table 6. 

The age incidence made it evident that the majority of the patients 
were middle aged and elderly persons. Their reaction to the trauma was 
similar to that described in fractures of the neck of the femur in the 
aged. The patients were never able to rally against the primary shock, 
but sank to the terminal hypostatic pneumonia. 

The primary concussion with its accompanying state of unconscious- 
ness undoubtedly played an important role in the development of the 
inflammation of the lung. There were, however, numerous traumatic 
intracranial lesions accompanied by hemorrhagic extravasations, which 
contributed something to the downward course. Twenty-three patients 
had a laceration of the brain of some kind, and the four who did not 
showed large hematomas either on the scalp or on the eyelids. Si.x 
patients had small extradural hemorrhages. Xone of these injuries in 
Ihemselve.s would have proved fatal, thougii it is not unlikely that the 
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The posterior fractures were most likely to result in contre-coup 
lacerations. In only three were serious direct lacerations alone present, 
and in these cases the lateral occipital regions were injured by an exten- 
sive composite fracture. In one case, a direct laceration and a contre- 
coup laceration on opposite sides caused a bilateral hemorrhage. 

Lateral fractures caused fort 5 ’'-five unilateral subdural hemorrhages, 
of which twenty-nine were caused by contre-coup lacerations, fourteen 
by direct lacerations, one by a direct and contre-coup laceration in the 
same cerebral hemisphere and one by the tearing of the dura and a 
branch of the middle meningeal artery. Bilateral subdural hemor- 
rhages occurred in seventeen instances, of which sixteen were the 
result of a direct laceration on the side of the fracture combined with 
a contre-coup laceration on the opposite side. The other case was 
the result of the tearing of the small tributar}’^ veins of the longitudinal 
sinus near the coronal suture, combined with a contre-coup laceration. 

In one instance, the dura and a branch of the middle meningeal 
arter)’’ were torn by a fragment of bone, and profuse hemorrhage into 
the subdural space resulted. This was unusual, as most tears of the 
middle meningeal artery bled extradurally. However, the firm attach- 
ment of the dura to the cranium prevented an extradural extravasation, 
and the severe comminuted fracture in the temporal region caused the 
bleeding arter}' to point through the dural tear into the subdural space. 
The blood spurted upward and was found as a large compact clot, 
220 Gm, in weight, compressing the parietal convolutions inward. 

The vault fractures were all located laterall)' and caused unilateral 
subdural hemorrhages in two instances from direct lacerations and 
bilateral subdural hemorrhages in three instances from direct and contre- 
coup lacerations. 

Fractures in the anterior region caused unilateral subdural hemor- 
rhages in two instances, one from the tearing apart of old adhesions of 
the brain to the dura by the recent violence, and the other from a com- 
plete tear of a vein which connected the temporal lobe of the brain with 
the dura of the middle fossa. In both these instances the violence was 
applied just to the right of the midfrontal region in such a way that the 
skull was shortened in the diagonal diameter from front to back and 
from right to left. The brain in the left temporal region was forced to 
slide baclavard along the inside of the skull, and this produced the 
tearing of the aforementioned vessels. 

Anterior fractures caused bilateral subdural hemorrhages in three 
instances. In two, a comminuted fracture of both orbital plates exten- 
sively lacerated the adjacent portions of the frontal lobes and produced 
the bleeding. In the other case, the force struck the lateral portion of 
the right frontal region, shattered the right orbit and imparted a 
violent lateral oscillation to the brain. The tributar}' veins which run 
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continual absorption of toxic products from the areas of blood extra- 
vasation had a depressing effect on the vitality of the patient. 

Deaths caused by Cerebral Compression, Lacerations of the Brain 
and Subdnral Hemorrhage. — (a) Pathologic Anatomy of Brain Injuries : 
Injuries of the brain are the most common complications produced by 
fractures of the skull. In the series of 507 patients, the brain was 
unharmed only forty-two times, while the remaining 465 patients had 
a cerebral lesion of some kind. The majority of these, however, did 
not produce any untoward effects, and it was estimated that only from 
33 to 40 per cent played an important role in causing the death of the 
patient. 


Table 6. — Deaths from Tenniml Lobular Pneumonia 


Ace Incidence 


Years No. of Oases 

20 to 30 1 

30 to 40 2 

40 to so, 4 

SOtoW. 5 


Years No. of Oases 

60 to 70 8 

70 to SO. 6 

SO to 90. 1 


Casualty Yist 


Automobile accidents 15 

Street car accidents 2 

Iiow falis 2 

High falls 4 

Hnknoim 4 


Fracture Distribution 


Vault and base Iraoturcs: 

Posterior linear fractures 2 

Posterior composite fractures 1 


I/otcral linear fractures 

liuteral composite fractures.. 

Anterior linear fractures 

Anterior composite fractures. 

Vault fractures: 

Composite fractures 


S 

7 

4 

3 

2 


The injuries of the brain were mainly on the surface of that organ 
and resulted from the soft cerebral tissue coming in violent contact with 
the skull. All degrees of the lesion were present. A slight impact caused 
a localized subarachnoid hemorrhage by rupturing small vessels in the 
subarachnoid space. A greater violence bruised the cortex but left the 
arachnoid intact. Sometimes the force was severe enough to tear the 
arachnoid membrane and to lacerate the brain tissue superficially. At 
other times the tear was deeper, and considerable destruction of the 
gray matter was the result. In a few cases a vessel in the white matter 
near the surface was ruptured, and a blood cyst was found ; some of these 
contained an ounce of blood clot : they usually opened into the subdural 
space, though sometimes they communicated with the lateral ventricles 
or formed closed cavities in the white or gray matter. 

The tom vessels in recent lacerations bled into the subdural space in 
varj'ing degrees. When the hemorrhage was slow, clots were formed 
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from the brain to the superior longitudinal sinus were torn on both sides 
near the coronal suture and bled profusely into the subdural spaces. 
These same tributary veins are not infrequently ruptured during a 
boxing match by a heavy blow applied to the side of the head, which, 
however, does not necessarily cause a skull fracture. The essential factor 
in the production of the venous rupture is the oscillation of the brain 
from side to side in such a manner that the venous tributaries near the 
vertex are under special stress. 

In thirty-six cases of subdural hemorrhage, the extravasated blood 
was carefully detached from the dura and brain lacerations and weighed. 
When the hemorrhage' was bilateral, the blood in both subdural spaces 
was combined, and the weight of this was taken. 

The average weight of the subdural hemorrhage was 61.1 Gm. 

When the clinical course was short, the clots were usually smaller, 
but patients who died within six hours often showed some rather large 
hemorrhages, one unilateral extravasation reaching the size of 110 Gm. 


Table 9. — Weight of the Clots in Subdural Hemorrhages 


Gm. 

Xo. ot Cases 

Gm. 

No', of Cases 

IS 

1 

70 

3 

20 

1 

go 



3 

90 

1 

30 

4 

lOO 


40 


no 


50 


130 

1 

GO ... 

4 

220 

1 



The interesting feature was that the small subdural hemorrhages 
produced just as acute evidences of pressure as the large ones. Of 
course, the subdui'al spaces were of different capacities, but the variation 
in capacity, as represented by the weights of the subdural clots, was 
much greater than any normal variation. The intracranial organs, how- 
ever, were not in a normal state after a severe skull fracture, and some 
conditions of the brain were often present that probably reduced the 
capacity of the subdural spaces. This is ti’eated in more detail 
subsequently. 

2. Twenty-four fractures of the skull showed severe brain lacerations 
which resulted in cerebral compression without causing any subdural 
hemorrhage worthy of note. 

The lacerations of the brain were extensive, but they differed in 
their anatomic characteristics. Some were shallow, showing a depth 
about the thickness of the cerebral cortex, but covered a wide area, 
often as much as from 6 to 8 square inches. In all probability, they 
caused the intracranial tension because the traumatized brain tissue and 
adiierent blood clot gave rise to a swelling of the brain substance around 
the site of the laceration from local circulatory disturbances. Several 
cases lasted for from two to five days, and an uninjured zone of cerebral 
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which adhered to the surface of the laceration and thus were localized 
in the injured area. A more rapid hemorrhage tended to fill the corre- 
sponding subdural space. 

The subdural hemorrhages were either unilateral or bilateral. When 
unilateral, the blood was confined strictly to the subdural cavity sur- 
rounding the injured cerebral hemisphere. The hemorrhage never 
extended beyond the limits of this space, either to the opposite subdural 
space or below the tentorium. As the hemorrhage grew in size, the 
blood forced the brain over against the opposite vault of the skull, 
causing a noticeable flattening of the cerebral convolutions in this 
region. The convolutions on the side of the hemorrhage, however, were 
well marked and stood out prominently, although the arachnoid was 
pressed closely to the cortical surface. In those cases in which the 
skull was removed so that the underlying membranes were not torn, 
the dura was distended and tense from the pressure within. 

The subdural hemorrhage was bilateral when lacerations occurred 
on both cerebral lobes. Either the two spaces contained approximately 
the same amount of blood or one side 3delded a much greater amount 
than the other. The hemorrhages were not uniform in size, and there 
was not necessarily any relation between the nature of the laceration 
and the quantity of blood in the subdural space. With two lacerations 
of similar degree on either cerebral hemisphere, one might bleed a little, 
while the other might produce a profuse extravasation. Flattening of 
the cerebral cortex was not prominent in bilateral hemorrhages unless 
one side showed a large quantity of blood while the other contained 
only a small amount. However, when both subdural spaces were 
distended by the extravasation, the brain was pressed downward. 
Occasionally this produced flattening of the pons against the basilar 
process and a circular furrow of the inferior surface of the cerebellum 
b}' pressure against the rim of the foramen magnum. 

Subdural hemorrhages below the tentorium were caused by cere- 
bellar lacerations and were rather rare. Most of these were insignificant. 

Subarachnoid hemorrhages were also found, and some of them were 
profuse. In a few instances, the space around the circle of Willis was 
distended by blood, which took its origin from some ruptured vessel 
in that network. These extravasations were spontaneous in most cases, 
usually were fatal and often were found without a history or evidence 
of injury of the head, but a few were undoubtedly traumatic. It was 
alwa,vs difficult to make a distinction if a fracture was present. 

]\Iost subarachnoid hemorrhages of unquestionable traumatic origin 
were found on the upper portions of the frontal lobes. The blood was 
usually extravasated under the membrane from brain injuries near the 
tip of the lobe. The subarachnoid space was roomy on the cerebral 
vault but was closeh* applied to the convolutions at the base, so that the 
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substance immediately adjacent to the broad surface lesion was swollen, 
translucent and obviously edematous. This swelling was sufficient to 
produce a definite intracranial tension. 

Some lacerations, however, extended into the brain substance, fonn- 
ing large cavities near the surface, from 1 to 2.5 inches in diameter, 
which contained 20 to 30 Gm. of blood clot (fig. 12). The cause of the 
cerebral compression was obvious. In four instances, the cavity 
extended into the ventricles of the brain and filled them with blood clot. 


. Table 10. — Cases of Brain Lacerations Which Caused Cerebral Compression 



.-Vge Incidence 



Years 

No. of Cases . 

Tears 

No. of Cases 

1 to 10. 

2 

40 to 50 

t 

10 to 20. 

1 

SO to 60 

5 

20 to 30 

1 

60 to 70 

2 

30 to 40 

6 




Casualty Incidence 


Automobile accidents... . 

12 

Halls dovrn stairs 

2 

lion- falls 

O 

.Assault by blunt instrument 

2 

High falls 

1 

Dnknoirn 

5 

- 

Duration of Clinical 

Course 


1 to 0 hours 

3 

4 days 

1 

7 to 12 hours 

S 

5 days 

2 

13 to 24 hours 

S 

Unlvnotvn 

1 

2 days 

.... 1 




Table 11 . — Location and Variety of Brain Lacerations Causing 

Cerebral Compression 


Tj'pes of Fracture 


■ • 

■ 

Posterior lintcral 

Vault 



Posterior Com- 

Com- 

Com- 


Types of Lacerations 

Linear posite 

posite 

posite 


Unilateral contre-coup lacerations 

2 3 

1 

, , 

6 

Bilateral contre-coup lacerations 

... 5 4 

1 

1 

11 

Direct laceration, cerebrum 

- - . 

3 

, , 

3 

Direct laceration, cerebellum 

1 

, , 

, , 

1 

Direct and contre-coup lacerations 

. • . . . . . 

2 

. , 


Direct and contre-coup laceration, unilateral... 

1 



i 


7 9 

7 

1 

24 


Intraventricular licmorrhagcs: contre-coup lacerations of eerebnini, 3; direct laceration of 
cerebellum, 1 . 


Death usually occurred soon — within twenh'-four hours. One patient, 
however, survived for four days. Three lacerations opened into the 
lateral ventricles, while the fourth was caused by a laceration of the 
cerebellum which bled into the fourth ventricle. 

(</) Conditions of the Brain in Cerebral Compression: The first 
few hours immediately following a severe fracture often produced 
clinical signs of increased intracranial pressure, and cases whicli came 
to necropsy in this period showed anatomic evidence of this condition 
in flattened convolutions, engorged cerebral blood vessels and other 
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blood spread profusely over the vertex of the brain and rarely spread 
down on the under surfaces. This lesion probably produced symptoms 
but in itself was not necessarily lethal. 

In a few cases, the laceration opened into one of the ventricles of 
the brain, so that the cavity of the brain contained blood and blood 
clot, sometimes enough to cause an appreciable distention, such as 
would occur in internal hydrocephalus. 

In some instances, small hemorrhages of traumatic origin were found 
in the pons and also in the basal nuclei underneath the floor of the 
lateral ventricles. These lesions were composed of multiple extra- 
vasations of blood varying in size from that of a pinhead to that of 
a pea, which sometimes tended to coalesce and form larger areas. Thus 
they conld be distinguished from spontaneous hemorrhages in similar 
locations, as the latter usually appeared as large solitary clots. At times, 
the distinction was difficult, for a spontaneous apoplectic stroke could 



Fig, 9, — Cross-section of the pons showing small hemorrhages of traumatic 
origin. 

occur at the same moment that the skull was fractured. As a rule, how- 
ever, the traumatic pontile lesions were associated with severe fractures 
in the back part of the skull which in some way violently compressed 
the brain stem. Likewise, violent impacts near the external angular 
process of the frontal bone had some influence in producing the multiple 
lesions in the basal cerebral nuclei. Just how much of a factor these 
multiple hemorrhages were in causing the death of the patient is a 
question, because the degree of concussion was so severe that other 
symptoms were overshadowed. Some of the pontile hemorrhages, how- 
ever, were large enough to cause distention of that area, and it was 
conceivable that this produced considerable trouble in itself (fig, 9). 

Different stages in the healing of brain lacerations were often 
obsen-ed. Shortly after the injur}% the lacerated area was bright red, 
but its color gradually changed to brownish red, then to brown and 
finally to a shrunken tan area known as "plaque jaune.” The process 
was a gradual transfonnation of the blood pigment, the absorption of 
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necrotic debris and the development of a characteristic granulation 
tissue, with the final healing by scar tissue.. The stages were analogous 
to the healing of wounds elsewhere in the body although, of course, not 
identical, as the brain had a characteristic cellular reaction which 
differed from any other tissue. 

In some instances, adhesions between the brain and dura were found 
around the site of old lacerations. Granulation tissue, usually vascular, 
had grown into the injured area and had joined the two surfaces. Some 
of these adhesions were- large and most often were found near the 
frontal and temporal regions in which they were always a potential seat 
of disturbance in ways which will be considered later. 

Changes were also described in many subdural hemorrhages when 
they were seen long after the injur3^ A small hemorrhage might dis- 
appear and only a diffuse spotted, tan pigmentation on the inside of the 
dura would be - left to indicate its presence. A somewhat larger extra- 
vasation was found in the later stages as a tan fibrinous membrane closely 
attached to the dura. More often, in persons who died from large 
extravasations, the clots varied in color -from a wine red to a brownish 
red or cinnamon brown, and were more or less attached to the dura. 
Microscopic examination often demonstrated the fact that the dura 
showed a distinct inflammatory reaction against the extravasated blood. 

(6) Relation of Brain Lacerations to Fractures of the Skull: Brain 
lacerations were classified according to their method of production into 
(1) direct lacerations and (2) contre-coup lacerations. 

( 1 ) Direct lacerations were so designated because the surface of the 
brain was torn directly by the inward depression of the sharp fracture 
edges which often inflicted a corresponding tear on the adjacent dura. 
The form and position of the laceration, therefore, depended on the 
variety of the fracture. 

Linear fractures produced furrows of different dimensions which 
marked the course of the fissure in the skull on the brain. Important 
lesions of this type were most often found on the lateral aspect of the 
parietal and temporal lobes, for the broad and flat expanse of skull which 
covers this area is easily depressed b}”- force. The cerebral lacera- 
tion was occasionally severe enough to produce a fatal subdural hemor- 
rhage. Longitudinal linear fractures of the posterior fossa often 
furrowed the under and outer surfaces of the cerebellar lobes. In a 
similar fashion, linear fractures of the anterior fossae occasionally 
caused a linear laceration of the orbital convolutions of the frontal lobes. 
These, however, as a rule, were not productive of am* alarming 
complications. 

Composite and depressed fractures also produced characteristic 
lacerations in the form of fossae and pits of various sizes and shapes. 
While the\- occurred almost an\^vhere on the surface of the brain, the 
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Subdural hemorrhages, however, that lasted several days often 
showed hypostatic bronchopneumonia of the type already described. 

Deaths Caused by Cerebral Compression and Epidural Hemorrhage. 
— ^In the series of 507 cases, epidural or extradural hemorrhage was 
described in 106. Forty-five of these blood clots were small and were 
not considered important. The remaining sixty-one, however, were 
large enough to prove fatal through cerebral compression. 

All epidural hemorrhages in fractures of the skull are caused by 
the sharp edges of the broken bone lacerating a vessel on the outside 
of the dura. The torn vessel bleeds in between the dura and the skull 
and pushes the dura inward against the adjacent portion of the brain. 



Fig. 13. — Middle meningeal hemorrhage in the right posterior parietal region. 
The lateral composite fracture and part of the craniotomy opening are also shown 
on the right side of the skull. 


causing compression of that area. The bleeding occurs only where the 
line of fracture extends and is never found elsewhere. The vessels most 
often lacerated are the branches of the middle meningeal artery. In 
rare instances, the lateral venous sinus and the anterior meningeal 
artery are involved. 

The middle meningeal artery is in a good position to be lacerated, as 
it is placed on the outside of the dura and lies in grooves on the inside 
of the skull. It enters the skull through the foramen spinosum in the 
middle fossa and runs laterally a short distance before it divides into 
anterior and posterior branches, which spread in a dentritic fashion over 
the temporal and parietal regions of the vault. It is, therefore, easily 
reached by lateral fractures of all kinds. 





COLEV-COLEY— TUMORS OF LOKG BOXES 


101 


destructive process. From Jub' 8, 1920, until Aug, 9, 1921, the patient received 
further radium treatment in the form of the lead tray over the parietal, occipital 
and temporal regions (total of 24,477 millicurie hours, 3 cm. distance). 

Physical examination, April 27, 1922, showed the patient in excellent general 
condition; there was only slight exophthalmos of the right eye: the sight was 
normal; the large area in the right parietal region which was originally almost 



Fig. 45 (case 73 in table 7). — Sarcoma of fibula; restciii'ii; .'iniput.'itiMti ; fol- 
lowed by lung metastases. 


completely destroyed was almost entirely filled in with new bone: 
region also was nonnal. He had been attending school all winter : 
two grades. He was given another radium treatment at this tim 
prophylactic measure than anything else. The toxin^ liad been 
occasional intervals of rest, since the time of my first ob.'ervati .n. 
ment was continuous, the patient g:tined in wcieln, ;.r.d at the 


th.e i^ccipital 
ind had made 
e, us a 

hejit up with 
Ti;e irnpri.ve- 
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patient was admitted to the Memorial Hospital, October 27, where he received 
10,109 millicurie hours of radium at 7 cm. distance. The family was urged to 
leave the child in the hospital for further treatment, but as a hopeless prognosis 
had been given, they took the child home. No further toxins or radium treatments 
were given. 

In the early part of May, 1921, we received a letter from the father of the 
child stating that the latter was apparently in perfect health and going to school 
regularly. He was brought to the Memorial Hospital, September 19, when a 
careful examination failed to reveal any evidence of a tumor in the abdomen or 
groin, and a roentgenogram of the chest showed no evidence of the metastasis 
that had been present in the preceding October. The patient was shown at a 
clinic at the Memorial Hospital to the members of the American College of Sur- 
geons in October, 1924, at which time he was in excellent condition with no 
evidence of the disease in the groin or abdomen. A roentgenogram taken on the 



Fig. 48 (case 96 in table 7). — Periosteal sarcoma of humerus. The patient 
refused amputation and was treated by toxins, roentgen ray and radium. Death 
occurred from metastases one year later. 

same day showed the chest entirely free from metastases. The patient is still well 
at the present time, July, 1926, six years later. 

Case 23. — Osteogenic sarcoma of the femur of central and periosteal 
involvement ; round cell, probably endothelioma^ 

D. M. S., a man, aged 22, was admitted to the Memorial Hospital, July 20, 
1920, having been referred by Dr. Walton Lee of the Pennsylvania Hospital. In 
October, 1918, the patient sustained a fracture of the left leg; during 1919 he 
suffered from severe pain and swelling. In March, 1920, he was admitted to the 
Penns 3 ’’lvania Hospital and was operated on by Dr. Walton Lee, April 17. The 
process was found to extend through the larger part of the shaft of the femur, 
and the larger portion of the bone was removed. The microscopic examination 
report (Pennsylvania Hospital), March 17, was osteogenic sarcoma of the femur. 

Phj’sical examination on admission to the Memorial Hospital, July 20, showed 
a thickening of the central portion of the shaft and middle portion of the left 
femur, with considerable enlargement. The clinical and roentgen-raj' diagnosis 
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In this series, fractures in the lateral parts of the skull numbered 
233, and epidural clots from the middle meningeal artery of any size 
numbered fifty-six, so that only a small proportion of fractures resulted 
in serious laceration of the artery. A reason for this is suggested by the 
changing relationship between the skull and dura at different' periods 
of life. 

In childhood, the bony grooves for the middle meningeal artery are 
shallow, and the dura is easily separated from the skull. Accordingly, 
the artery escapes injur}' except in rare instances. As the person grows 
older, the dura becomes more and more adherent, and the grooves 
deepen, so that in old people there is a thick adherent dura and pro- 
nounced grooves. Extradural clots are rather infrequent at this age, as 

Table 12. — Cases of Cerebral Comprcssioti and Epidural Hemorrhages 


Aga IneidcDcc 


Tears 

Xo. of Cases 

Tears 

Xo. of Cases 

*10 to 20. 

2 

50 to 60 

7 

20 to 30 

, . . . 13 

60 to 70, 

n 

30 to 40 

. , . . 18 

70 to £0 

2 

40 to 50. 

17 




Casualty Incidence 


Automobile accidents... 

S 

Knocked down In assault.. . . 

3 

Hightails 

.... 9 

Struck by blunt instrument. 

5 

Low falls 

10 

Hit by flying object 

1 

Falls down stairs 

7 

Unknown 

21 


Puratlon of Clinical Course 


1 to 0 hours 

9 

4 days 

1 

7 to 12 hours 

13 

6 days 

2 

33 to 24 hours 

.... 11 

8 days 

2 

1 to 2 days 

O 

Unknown 

17 

2 to 3 days 

4 




* Since tills paper was written, the author has seen a case of a child, aged 8, tvho died 
from an epidural hcmotTliagc from the anterior branch of the middle meningeal artery. The 
cause was a comminuted lateral fracture. The condition In children Is rare. 


the adherent dura prevents excessive hemorrhage. In young adult life 
and middle age, however, the bony grooves are not so deep, and the dura 
is adherent just enough to allow laceration of the artery, but not to the 
extent that it prevents its separation from the bone by the violence. 
Most extradural hemorrhages are found at these ages, as shown. in 
table 12. 

The decade from 30 to 40 years contained the greatest number of 
cases. 


One of the cases, that of a person aged 70 years, was noteworthy 
in that the skull was the seat of a pronounced osteitis deformans. The 
bone was thick but soft and pliable, while the dura was not firmly 
adherent to the skull. Conditions were therefore favorable for the epi- 
dural clot which developed. 

The duration of the clinical course was rather variable, over one half 
of the patients dying inside of twenty-four hours. In other instances, 
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Deaths Caused by lujurics Elscxvhcre in the Body . — ^Thirty patients 
showed fractures of the skull of moderate degree which were accom- 
panied by severe injuries in other portions of the body. Death was 
obviously the result of the latter. 


Table 17 . — Cases of Epilepsy 
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the patients lingered a few da3’'s. A large proportion were found dead, 
and it was impossible to discover not only how long they lived after the 
injury, but also what the casualty really was. 

Many persons with epidural hemorrhages, especially those found 
dead or unconscious, showed extraordinarily thin skulls. They were, 
apparently, fractured by a comparatively slight violence, so that the 
primary concussion was of short duration or entirely absent. It was not 
unusual for these persons to wander away from the scene of the 
accident and to be overcome by rapidly developing cerebral compression 
some hours later. If found alive, they were either moribund or stupor- 
ous, which suggested alcoholic intoxication, and the serious nature of 
their condition was not recognized. The difficulties of diagnosis not 
infrequently were increased by the entire absence of any external injury 
to the head and also by the fact that the deceased was alcoholic. It was 
probable that the majority of these fractures were caused by falls. 


Table 13. — Epidural Hemorrhages and Their Source 





Fractures, Types and Location 





Poste- 




Ante- 





Poste- 

rior 


Lateral Ante- 

rior 


Vault 


Vessels Ruptured 

rior 

Com- Lateral Com- 

rior 

Com- 

Vault 

Be- 


by Fracture 

Linear 

poslte Linear posite Pissure posite Linear pressed 


Middle meningeal artery, 

poste- 









rlor branch 


i 

11 

G 



S 

1 

2> 

Middle meningeal artery, 

ante- 









rior brand] 


1 


3 



1 

2 

12 

Middle meningeal artery. 

main 









stem 



2 

• • 

, . 

2 

. , 


4 

Middle meningeal artery, branch 









involved not located..., 



9 

i 

1 

, , 

1 

.. 

lo 

Anterior meningeal artery, 



, . 

.. 

1 

.. 

>• 


1 

Lateral venous sinus 


1 

-■ 

•• 


•• 

•• 

•• 

4 


3 

e 

27 

13 

2 

2 

5 

3 

«i 


The fonn and location of the hemorrhage varied with the site of the 
fracture and the vessel that sustained the rupture. 

The right and left sides were equally involved and were not indicated 
in the table. 

Lateral fractures were responsible for forty epidural hemorrhages, 
almost two thirds of the total number, and the middle meningeal artery 
was the only vessel ruptured. Other fractures occasionally lacerated this 
vessel, but only when a fracture line extended to the parietal region 
or the middle fossa. In this connection, it was worthy of note that 
epidural hemorrhages did not result from the transverse crushing frac- 
tures of the skull which have already been described. 

The total number of middle meningeal hemorrhages was fifty-six. 
Of these, twenty-five were identified as arising from the posterior branch, 
twelve from the anterior branch, four from the main stem in the middle 
fossa, and fifteen could not be located w’itli certainU*. 
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In six of the cases there were old healed fractures of the skull, 
easily identified as such at necropsy. Only a small proportion of the 
healed fractures were found occasionally in the routine postmortem 
examinations. All of them showed old healed lacerations of the brain 
of the contre-coup or direct type. None had been subject to operation, 
and the primary injury had cleared up more or less spontaneously. It 
was probable that a large proportion of patients with less severe 
fractures of the skull did recover in this fashion, although it was 
difficult to determine the exact percentage with any degree of accuracy. 

Most of the patients had had a severe general illness at the time 
the injury was received, and the fracture was merely a minor factor 


Tabu; 19 . — Deaths Due to Natural Causes 


Casualty Incidence 



Xo. of Cases 


Xo. of Oases 

Automobile accidents.. 


Assaults by blunt Instruments 

2 

l/ow 1.1 Us 

C 

Unknown 

11 

Fnll <lmvn 

1 




Age Incidence 


10 to 20 years 

1 

50 to 60 years 

» 

20 to 30 years 

3 

Goto 70 years 

S 

30 to 40 yftnrs. 

S 

00 to 100 years 

1 

40 to 50 years 

4 




Duration of Clinical Course 


Found dead 


Days 

4 

minutes 

7 

Old fractures 

0 

Hours 

4 




Location of Fractures 


Posterior Assure 


Anterior linear 

7 

Iintcral Assure. 


.interior composite 

3 

2 

Lateral composite 


Vault linear 


Causes 

of Death 


Spontaneous cerebral 

hem- 

Illuminating gas poisoning.... 

1 

orrliagc 


Pulmonary tuberculosis 


Acute alcoliollsm 

7 

Kryslpclas 

1 

Chronic alcohollsin.. . . 


Coronary artery disease 

3 

Chronic meningitis . .... 


Rupture of aortic aneurism... 

1 

Chronic encephalitis. . . 

1 

Lobar pneumonia 


Idiopathic epilepsy. ... 

1 

Obstruction of bile ducts 

i 


in producing the fatal result. It is probable that some of the brain 
conditions caused symptoms of vertigo and unsteadiness, so that the 
deceased was made to fall and fracture his skull in this fashion. This 
was probably true of the three patients who died of spontaneous cerebral 
hemorrhage. 

Fractures of the Skull in the New-Born and in Infants Under 5 
Months of Age . — ^The skull of the young infant is entirely different 
in structure from the skulls of older children and adults. While the 
cranial bones of the latter are fused, forming a compact rigid case 
for the brain, the skull of the infant is a pliable sac of bony plates held 
together by a membrane, so that it is easily distorted by violence. Frac- 
tures of the skull in the early months after birth, therefore present 
peculiarities not characteristic of the lesion in the later periods of life. 
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The only way to detemiine the origin of the hemorrhage at necropsy 
was by a consideration of the fracture lines and the position of the clot, 
as the tear of the artery could not ahvaA'S be found. In the fifteen unde- 
termined cases, it was not possible to ascertain the site of the rupture 
even in this way, for the observations were not definite enough. 

The middle meningeal hemorrhages occurred on the vault in most 
instances ; only a few Avere found at the base. Torn posterior branches 
of the artery generally formed blood clots in the middle and posterior 
portions of the parietal region. Ruptures of the anterior branches 
bled outside the dura in the anterior portion of the lateral surface of 
the vault. Most hemorrhages of the vault were unilateral and showed 
a circular and ovoid outline, with a sharp rim and a thick center, so that 
they could be designated as disk, diskus or platter shape. If the artery 
was lacerated near the base, a small tongue of blood clot occasionally ran 
from the point of laceration upward to the disk-shaped hemorrhage 
above. In one instance, the line of fracture extended over the posterior 
parietal regions from one side to the other and ruptured the posterior 
branches on each side of the skull, forming two discrete, S5nnmetrically 
placed, bilateral epidural hemorrhages of equal size. 

In some cases, rupture of the anterior branches or the common stem 
caused an extradural hemorrhage at the base of the skull. The blood 
clot then developed a globular or egg-shaped form and pressed the 
under surface of the frontal and temporosphenoidal lobes upward. 

In one instance, an anterior fissure fracture lacerated the anterior 
meningeal artery as it emerged from its foramen, forming a globular 
hemorrhage which dented the anterior tip of the frontal lobe. 

Ruptures of the lateral venous sinus were the results of fracture in 
the posterior regions, which tore the posterior wall of the sinus. The 
hemorrhage took an ovoid form and pressed in the cerebellum and 
occipital lobe.s. These were especialy fatal, as this region of the brain 
was vulnerable to pressure. 

1 he characteristics of the epidural hemorrhage varied with the size 
of the clot and the length of time that the patient lived after injury. 
Hejuorrhages of recent origin at necropsy showed friable blood clots, 
rc.‘?cml)ling currant jelly, which were easily detached from the dura. 
.Sometimes, when there was a large amount of extravasated blood, about 
1 inch thick through its center, it was possible to find separation of the 
blood clots into layers such as occurs in postmortem clotting. Hemor- 
rhages of longer duration were firm, compact, rusty red and adherent 
to the dura. 

The blood between the dura and bone had an irritant action on the 
bone, hut unfortunately this could not be studied satisfactorily in the 
ttiaterial at hand. In the cases that came to necropsv. obsen'ations which 
could be positively identified as the remains of an o'ld extradural hemor- 
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In the infant, the base of the skull is small in proportion and closely 
knit and elastic. The vault is relatively voluminous and is composed 
of five curved, easily bent plates of bone, comprising the two parietal 
bones, the two halves of the frontal bone and the occipital bone. The 
dura lines these segments rather loosely, except at the edge of the seg- 
ment, where it is firmly attached. The bony plates are joined by a 
thick fibrous membrane which is widened in the midline at each 
end of the two parietal bones to form fontanels. The larger anterior 
fontanel is placed at the coronal suture and the smaller posterior at the 
lambdoid suture. 

The parietal bones arc most often fractured because they are the most 
prominent segments of the vault and, therefore, the area most subjected 
to trauma. They were involved in all five cases of this series, and in all 


Table 20. — Fractures of the Skull in Young Infants 


.tfp. Spx 

rnsiinlty 

Tmratlrin 

Fracture 

Other Lesions 

Cause of Death 

Xpw-born; 

Fin 

Unknown 

2 days 

J.lnear parietal 
fracture 

Xone 

Concu!4<lon 

a'v jnont)i.«; 
boy 

Hit by 
thrown 
pitcher 

2 days 

Comminuted 

parietal 

fracture 

Direct lacera- 
tion of bruin 

KfTccf 5 of 
concussion 

17 hours 
iipw-bom; 
Firt 

Thrown 

from 

window 

17 hours 

Linear parietal 
IractuTC 

Direct Inccrn- 
tion of brain 

Effects of 
concussion 

.•!‘i months: 
boy 

Unknonn 

fall? 

Unknown 

Linear parietal 
fracture 

Direct laceration: 
contre^oup lacer- 
ations frontal 
lobes; bilateral 
subdural bemor- 
rbage, 10 Gm. 

Cerebral 

compn'S* 

slon 

1 montbc, 

4 dnys; 
Itoy 

Thrown 
to floor 
of taxi 

hours 

Commimitcd 

parietal 

fracture 

Direct laceration; 
tear of membrane 
of anterior 
fontnnelle 

Concussion 


e.Ncepi one, the fractures were confined to this region. In the other case, 
an cxiensively comminuted fracture, the frontal bone and part of the 
anterior fossae were included, together with the parietal plates. Thi.s, 
however, was rather unusual, for generally the base of the sknill escapes 
injury in infants. The membranous attachments of the vault and the 
mobility of its plates have a tendency to confine the effect of the violence 
to the bone.^ primarily struck, with but little transmission of the force 
to other parts of the cranium. 


*1 he fractures in the parietal bone depend on the directions of the 
l>on\ striaiions which radiate out from the central prominence or boss 
ti^ward the edge of the bone. The linear fractures occur in the direction 
the.^e striations. They appeared as simple straight splits of the bone 
irom the edge to the central prominence in two cases, and in a third 
the tmcitjre u-as angular, with the point of the angle at the apex of the 
pr.-,!tmte:tce. The other two fractures were comminuted extensivelv. 
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rhage o£ any size were not encountered, although occasionally peculiar, 
milky white, eburnated, roughened areas on the inside of the skull were 
found, to which the dura was firmly attached. The same observations 
were not infrequent around the edges of old decompression windows 
and occasionally in the region of old healed fractures. It was not improb- 
able that these milky white areas were the remains of small epidural 
blood films which were frequently noted around fractures, and which 
were caused by the tearing of multiple small communicating vessels 
when the dura was separated from the bone during the violence. 

The epidural clot was detached from the dura and carefully weighed 
in twenty-five cases. The weights are tabulated in table 14. 

The average weight of the epidural hemorrhage was 122 Gm., which 
is about twice as large as the weight of the average subdural hemorrhage, 
which was 61 Gm. 

There was not any essential correspondence between the weight of the 
blood clot and the duration of the clinical course, as small and large 


Table 14. — Weight of the Epidural Hemorrhage 


Om. 

No. of Cases 

Gm. 

No. of Cases 

40 

1 

120 

1 

50 

2 

J30 

2 

fJO 

1 

J40 

1 

70 

0 

leo 

1 

SO 

2 

ITO 

3 

90 

2 

190 

1 

100 

3 

200 


no 

3 

.300 

1 



hemorrhages were found at all periods. There likewise was not any 
difference in size between the blood clots that came from the anterior 
or posterior branches of the middle meningeal artery. However, epidural 
hemorrhages from the lateral venous sinus were generally smaller than 
the middle meningeal artery hemorrhages, for the two sinus hemorrhages 
measured were only 50 and 60 Gm., respectively. 

Other lesions were occasionally found in deaths from epidural hemor- 
rhages. Lacerations of the brain were found in fifty-six cases but gave 
rise to subdural extravasations in only sixteen cases, of which thirteen 
were caused by contre-coup lacerations and three to direct lacerations. 
None of them were severe enough to cause a fatal cerebral compression 
in themselves. In five cases, brain injury of any kind was not visible. 

The condition of the lungs was similar to that found in the cases of 
subdural hemorrhages. Death from cerebral compression occurring soon 
after an accident was accompanied by marked hypostatic congestion and 
edema of the lungs, while a longer clinical course sometimes showed 
a terminal lobular pneumonia. 
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Lacerations of the brain occurred in four cases as direct lacerations 
in the region of the fracture, while contre-coup lacerations on the under 
surface of the frontal lobes occurred only once. In one instance, lacera- 
tions of the brain were absent. As a rule, the cerebral lesion was not 
productive of complications, except in one infant who developed a sub- 
dural hemorrhage. 

The dura was sometimes torn by the bone, but not invariably, and 
lacerations of the brain were readily produced without a dural tear. 

A tabulation of these cases is given in table 20. ' 

Apparently the cerebral concussion played the most important role in 
causing death. In infants, as in elderl}^ people, however, a slight trauma 
often had the effect of depressing the central nervous system only to a 
slight degree, but the organism did not possess enough vitality to throw 
off the effects of the primary shock altogether. They usually remained 
for several hours or days until death ensued. 

The subdural hemorrhage caused death by compression and, from the 
postmortem appearance of the blood, had evidently been of many days’ 
duration ; the lack of reliable history, however, was a handicap to study 
of the case. 

SUMMARY 

1. Five hundred and twelve cases which came to necropsy were 
reviewed in order .to study the different conditions that caused death 
in fractures of the skull. 

2. The types of fractures were classified as 

A. Fractures of the vault and base 

(1) Posterior fractures 

(o) Fissure fractures 
(b) Composite fractures 

(2) Lateral fractures 

(a) Fissure fractures 
(&) Composite fractures 

(3) Anterior fractures 

(a) Fissure fractures 

(b) Composite fractures 

B. Fractures of the vault 

(1) Fissure fractures 

(2) Composite fractures 

(3) Depressed fractures 

3. Five hundred and seven cases occurred in children and adults 
whose ages ranged from the first decade of life to the tenth decade. 
In this group, the complications which caused death were considered 
in detail. 
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Deaths Caused by Acute Suppurative Meningitis and Other Septk 
Infections Caused by the fracture of the Skull. — In the series of 507 
cases, forty-eight patients died of acute suppurative leptomeningitis 
or some type of general septic infection. In every case the source of the 
fatal infection was obviously the fracture of the skull. A tabulation of 
the age, casualty and duration of clinical course brought out many 
interesting points. 

:^Ieningitis: The table of casualties did not give any significant 
information. The age categories showed, however, that, while the adult 
decades were well represented, the proportion of children below 10 years 
of age was rather large. -The clinical course was invariably of several 
days’ duration, and not infrequently the patient lingered for several 
weeks. 

The meningitis could be traced either to one of the bony sinuses of 
the skull or to infection which entered by means of a compound fracture. 
The probable source of the infection was tabulated in connection with the 
variety of the fracture. 

Seven posterior fractures caused meningitis, and in every case they 
sent a branch into the mastoid and middle ear areas, in which the infec- 
tion originated. Si-\ of these bony sinuses showed a frank purulent 
exudate. 

There were seventeen lateral fractures, and in ever)' case the frac- 
ture involved the sphenoidal sinus or the middle ear region, as the table 
indicated. .-\ purulent exudate was found in the middle ear cavities in 
four cases, blood was found in three cases but not any mention was 
made of the contents in nine cases. Two of the sphenoidal bony cavities 
contained a purulent exudate. Its presence apparently was not necessary 
for the development of the meningitis. 

Five of the lateral composite fractures were caused by the crushing 
cfTcct of an automobile wheel and anatomically were similar in all 
respects to the same fractures that have been described as having 
caused death by concussion. In these cases, apparently, the injury did 
not produce enough shock to cause an immediately fatal result, but the 
breaking of the bony sinuses eventually allowed infection to reach the 
meninges. 

In one case of a lateral linear fracture, the ear drum was ruptured, 
and infection entered the middle car cavity from the outside. In the 
course of time, the roof of the middle ear was eroded by the septic proc- 
ess. an<l a typical brain abscess developed in the substance of the 
adjacent temporal lobe by direct c.xtension. The sup])urative leptomenin- 
gitis that finally caused death was secondary to the brain abscess. 

.■\ comparatively large proportioji of fractures occurred in the 
anterior pan of the skmll — seventeen. In fifteen cases, the meningitis 
devclo}H-d from fractures which involved the frontal cavities, the cth- 
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4. Death in 139 cases was caused by cerebral concussion. The 
majority of these patients died in the first hour following the trauma, 
and all succumbed inside of the tenth hour. The fractures were, for 
the most part, severe and e.xtensive. 

5. Death from exhaustion occurred in fourteen instances. The 
injured persons did not die immediately, but they were unable to rally 
against the primary shock, finally dying after periods varying from one 
to twenty days. In one case, extensive contusions in the motor area of 
the right cerebral cortex induced violent convulsions which finally 
brought about death from exhaustion. 

6. Death in twenty-seven cases was caused by a terminal lobular 
pneumonia, which as a rule set in from two to nine days after the injury. 

7. A large number of patients succumbed to cerebral compression, 
caused by subdural hemorrhage in 132 instances, and to extensive lacer- 
ations of the brain in twenty-four instances. 

(fl) The majority of subdural hemorrhages were the result of con- 
tre-coup or direct lacerations of the cerebral corte.x. A few were pro- 
duced by the tearing of tributary veins from the brain to the superior 
longitudinal sinus, and one was caused by the tearing of an old adhesion 
betweett the brain and the dura. In one case, laceration of the dura 
and a branch of the middle meningeal artery caused the artery to bleed 
profusely into the right subdural space. 

(h) The fatal lacerations of the brain were either surface lesions 
which covered a wide area of the cerebral cortex or big cavities in the 
hraiji substance which contained a large quantity of blood. Some of 
these caused e.\tensive hemorrhages in the ventricles of the brain. None 
of the lesions, however, were accompanied by a subdural hemorrhage 
of any size. 

There was reason to believe that many of the cases in this group 
showed a moderate grade of edema of the brain. 

8. Sixty-one patients died of cerebral compression caused by an epi- 
dunal hemorrhage. Most of the hemorrhages were the result of a lacer- 
ation of the middle meningeal artery by the fractured bone. The 
posterior branchc.s of the middle meningeal were involved much more 
fre(juenlly than the anterior branches. A few hemorrhages were caused 
by lacerations of the lateral sinus. One hemorrhage arose from a lacer- 
ation of one of the anterior meningc.al arteries. 

The interval between the casually and the death varied consider- 
ably in the cases oi cerebral compression. Most persons succumbed 
during tb.e Jlr^l twenty-four hours, but others lingered for from eight to 
fojjrttrn days. 


o: 


10 . 

the 


.-\cnte sut>purative leptomeningitis was 
patients m torty-on.e ca^es. Fractures 


responsible for the death 
across the bony sinuses 
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moidal cells or other adjacent bon)' sinus. A purulent exudate was 
present in the frontal sinus in one instance, and several times a little 
extravasated blood was found. The frontal bony sinus was fractured 
in four cases, not only across its roof, but also in the anterior portion, and 
a laceration of the forehead made the fracture compound. However, 
the meningitis developed just as readily in the absence of purulent foci or 

Table IS . — Cases of Meningitis and General Sepsis 


Age Incidence 


Years 

jVIenin- General 
gitis Sepsis 

Tears 

menin- General 
gitis Sepsis 

1 to 10 



40 to 50. 

7 1 

10 to 20. 

9 


50 to 60. 


20 to 30. 


3 

60 to 70. 

0 

30 to 40. 

9 

1 

70 to 80. 

1 


Total 41 7 




Casualty Incidence 



Automobile accidents 

... 13 

2 

Struck by falling brick 

. 1 


Street car accidents. 

1 


Horse kick 

1 


High falls. 

5 


Xno(dmd down in assault.... 

, 1 


Iiow falls 

... 6 

2 

Blunt instruments 

. 2 

3 

Falls down stairs 

... 3 

•• 

Cause unknown 

. 8 


Total 




.. 41 

7 


Duration of Clinical Course 



2 days 

O 


8 to 11 days 

. 8 

2 

3 days 

6 

, , 

12 to 20 days 

. 2 

1 

4 days 

3 

, * 

20 to 30 days 

. 4 

1 

5 days 

... 4 

« • 

Over 30 days 

. 1 

• • 

fi dnyfl 

6 

3 

Unknown 

. 4 


7 days 

2 




— 

Total 




.. 41 

7 


Source of Infection in tbe meningitis Oases 
Types of Tracturcs • 


f 

Poste- Poste- 

Lat- 

Lat- 

Lateral Ante- 

Ante- 




rior 

rior 

era] 

eral 

Com- 

rior 

rior 



Source of 

Ks- 

Com- 

Pis- 

Com- 

posite 

Pis- 

Com- 



Infection 

sure 

posite 

sure 

posite 

Crush 

sure 

posite 



middle ear and mas- 

6 

1 

5 

3 

3 



18 

Pus present in 

toid 









sinus 10 

Sphenoidal sinus 




1 

2 



3 

Pus present in 









sinus 2 

middle ear and sphe- 




2 




2 


noid combined 
Fxtcmal ear. 



1 





1 

Abscess temporal 










area, 1 

Sinuses in frontal 






6 

a 

15 

Pus present In 

area 









frontal sinus, 1 

Compound fracture. 




^ _ 



2 

2 

.Abscess frontal 

6 

1 

G 

6 

5 

G 

11 

41 

area, 1 



compound fractures, probably because the cavities in the frontal region 
had free communication with the outside through the nose. 

In two cases the probable entrance of the infection was through a 
compound composite fracture of the frontal bones above the eyebrow 
region, in which an extensive laceration freely exposed the shattered 
skull. One of these persons lived for six weeks and developed a brain 
abscess in the frontal lobe just over a small direct laceration of the 
brain adjacent to the fracture. The abscess eventually eroded into the 
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of the skull caused the infection in the majority of instances, although 
in two cases the organism entered through a compound fracture, 

11. Seven persons died of various other septic infections caused by 
the fracture of the skull. The infective agent gained entrance through 
compound fractures and through fractures involving a bony sinus. Two 
of the patients developed a t3rpical Staphylococcus aureus septicemia with 
thrombosis of the lateral sinus and septic infarcts in the lungs. One per- 
son died of a general septicemia caused by the hemolytic streptococcus. 
Other patients developed large collections of pus in the epidural and sub- 
dural spaces. 

12. Patients who died of suppurative meningitis or other form of 
sepsis lingered for from several days to several weeks. The infections 
were insidious in their onset and, once established, were inevitably fatal. 

13. Four patients died as the result of an operation on the skull. 
One woman died under ether anesthesia. Two patients died as the result 
of postoperative shock. One man died during the progress of the 
craniotomy, death being caused by a profuse hemorrhage from the 
superior longitudinal sinus, which had been lacerated by the fracture. 

14. Three persons died as the result of a traumatic epilepsy, which 
was associated with an old extensive adhesion of the brain to the dura, 
mainly in the frontal region. The convulsions usually set in several 
months after the primary symptoms of the fracture had subsided, and the 
patients survived from one and one-half to two years after the injury. 

15. Thirty patients died as the result of injuries in other parts of the 
body which were caused by the same violence that fractured the skull. 

16. Twenty-five patients died as the result of a condition which did 
not have any connection with the trauma. 

17. Five of the 512 patients who came to necropsy were new-born 
infants or infants under 5 months. The skull at this age is not a 
homogeneous bony case, but it is composed of bony plates held together 
by tough membrane. This peculiarity served to confine the fracture 
to the bones primarily struck, which in most cases were the parietal. 
The cause of death was usually concussion or exhaustion, although one 
baby developed a subdural hemorrhage from a direct laceration of the 
brain. 

PART II. CLINICAL ASPECT OF COMPLICATIONS 
PRODUCED BY FRACTURES OF THE SKULL* 

The clinical records are from the wards of the first surgical division 
of Bellevue Hospital, and cover a period of five years, from 1919 to 
1924. Sixty-one cases are presented in detail. These comprise cases of 

4. Many of the fatal cases in this series were included in the necropsy 
material in part I, but, as the two series were considered separately, there 
was no duplication. 
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lateral ventricle, causing a general spread of the purulent material 
through the cavities of the brain. 

The manner in which the infection spread from the different foci 
to the subarachnoid space was not always obvious, and in most instances 
the anatomic features of the meningitis did not ^ve any information 
on this point. All varieties of the lesion were described ; generally puru- 
lent exudate was found involving the region of the base around the circle 
of Willis, or else spread in various ways over the vertex of the cerebral 
hemisphere. In three cases the purulent exudate was heavy and thick 
in the cistern around the foramen of Magendie, and a severe purulent 
hydrocephalus was the result. The ventricles of the brain were filled 
with turbid cerebrospinal fluid, and the distention caused a severe degree 
of intracranial tension. 

In a few instances, especially around slight cerebral lacerations, a 
purulent membrane of varying extent was found adherent to the inside 
of the dura — a true suppurative pachymeningitis. The infecting organ- 
ism had in some way reached the dura as well as the arachnoid, probably 
aided by the presence of small hemorrhage on the inside and outside 
of the dura, which formed an excellent culture medium for the bacteria. 

Bacteriologic examinations of the meningeal exudate were made only 
in a few instances, but in ever}- successful culture the bacterium was 
invariably the pneumococcus. 

In all the cases which have been considered, the meningitis was the 
result of fracture of the skull. Sometimes, however, the question arose 
whether the presence of the infection was caused by the injury or was 
merely a coincidence.^ This point was to be determined only by the 
clinical history. The fracture could be responsible for the meningitis 
only if it preceded the onset of the infection by two days or more, and 
was of the type that permitted the bacteria to invade the skull. 

The general impression given was that the condition was insidious. 
The trauma was at times severe, and the diagnosis of fracture of the skull 
was never in doubt. Often, however, a slight injury would crack the 
thin bony plates which roofed the cavities at the base, and this was 
sufficient to allow bacteria to gain entrance. The primary effects of the 
violence were sometimes negligible, and it was difficult to be sure that a 
skull fracture was present. .Accordingly, in many instances the men- 
ingitis was apparent after a lapse of several days, almost without 
Amrning. and brought about an inevitably fatal outcome. 


3. Since this paper was written, a man, aped 60. came to necropsv with a his- 
tory that he liad fallen down a sewer and had died a few hours after the fall. 
Postmortem ex.ammation disclosed a small fracture in the front.al repion and a 
marked suppurative meninpitis of several days’ duration. It was probable that the 
fall w.as due to puldmes^ resultinp from the meninpitis. and that the fracture had 
nothmp to do with the infection of the mcninpes. which was a spontaneous infection. 



1067 


VASCE— FRACTURES OF SKULL 

fatal fractures of the skull in which a craniotomy had been performed, 
and cases of fractures from which the patient recovered both after 
operation and under expectant treatment. All that survived were placed 
under observation after leaving the hospital, either until the patient was 
considered to have recovered from the effects of the injury* or until 
he could no longer be found by the “follow-up 

A number of cases in which craniotomy was not performed and the 
patients died are not included, as the clinical histories in all such cases 
were similar and can be discussed adequately in a few words. 

For the sake of convenience, an arbitrary^ division of the clinical 
material is made as follows: (A) fatal cases in which craniotomy was 
not performed. (B) operative cases, fatal and nonfatal. (C) frac- 
tures of the skull from which the patients recovered under expectant 
treatment. 


FATAL CASES IX WHICH CRAXIOTOMY WAS XOT PERFORMED 

Fractures of the skull from patients who died without having an 
operation performed were of two varieties. 

The patients who had the first type were admitted in a moribund 
condition, suffering from profound cerebral concussion caused by a 
recent trauma; or they had been injured several hours or days before 
they reached the hospital and were in the last stages of cerebral com- 
pression or meningitis. The clinical signs often did not give any indica- 
tion of the nature of the intracranial condition. The patients were in a 
state of profound prostration, shown mostly by deep coma, complete 
insensibility, flaccidily of all muscles, stertorous re.spiration, pupils fixed 
and not responsive to light and a pulse and temperature variable in reac- 
tion. The poor physical condition of the patient was a clear contra- 
indication again.st a craniotomy; in addition, there was not anything to 
suggest that the operation would have been of any avail. ^ 

The patients who had the second type were admitted to the hospital 
showing few signs of injuiy* and often perfectly conscious and rational. 
They usually lived for sevend days, and during their stay in the ward did 
not develop any signs or symptoms which encouraged the surgeon to 
operate. They finally lapsed into coma and died. Ai necrop.sy, death 
was found to be due to causes of such insidious onset as an acute sup- 
purative meningitis, general septic infection or terminal broncho- 
pneumojiia. 


OPER.\TIVE CASES 

In deciding on the advi-'^ability of operation, the clinician must answer 
two qne-tions. 1. Do the clinic.*il obser\’ations indicate a fracture of the 
-knll.* 2. Arc the signs definite enough to identify an intracranial con- 
winch will be benented bv cramoiomv? 
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Other Septic Infections ; The cases of septic infections were seven 
in number and were also characterized by delayed onset of S}Tnptoms, 
but when the condition was established, death was inevitable. The 
clinical course varied from six to twenty-four days. 

In the four following instances the infection entered through a com- 
pound fracture of the vault, three of which were caused by assaults 
with blunt instruments, while one developed from a fall against an iron 
rail. 

A white man, aged 39 years, received a compound depressed fracture of the 
parietal region of the vault when he was struck by the corner of a revolver butt. 
After a nine days’ course, the case came to necropsy, disclosing a large decom- 
pression window in which the fracture had been present, an infected hernia cerebri 
protruding through this opening and signs of general septicemia, including a sup- 
purative meningitis and an acute vegetative endocarditis of the mitral and tricuspid 
valves. A hemolytic streptococcus was isolated from the meningeal pus and from 
the splenic pulp. 

Another patient, a colored man, aged 29 years, who had received a small com- 
pound depressed fracture in the left frontal region, lived six days. Pie died during 
the course of a decompression operation performed shortly after his admission 
to a hospital. Necropsy disclosed the fracture and the way in which the bacteria 
gained entrance through the hole in the scalp and skull. Just beneath the broken 
bone the dura was intact, but there was a small extradural collection of purulent 
fibrin in this area. In addition, there were signs of general septicemia, which 
comprised an extensive purulent pachymeningitis and leptomeningitis and hemor- 
rhagic nephritis. A bacteriologic examination was not made in this case. 

One case of Staphylococcus aureus septicemia was described, following a com- 
pound depressed fracture in the left parietal region. A craniotomy was performed, 
and the patient survived only thirteen days. Necropsy showed an infected scalp 
wound and infected dura near the decompression site, with extension of septic 
thrombi through the smaller vessels of the dura to the right lateral sinus. The 
lungs were filled with huge embolic abscesses and septic infarcts. The picture 
was typical of staphylococcus infections, and the organism was cultivated from the 
abscesses of the spleen and of the lung. 

In the fourth case there was a compound comminuted fracture in the right 
parietal region on which an operation was not performed. The patient lived 
for nine days. At necropsy, there was a collection of purulent fibrin which 
accompanied the middle meningeal vessels on the right side in a dentritic pattern 
to the foramen spinosum. There was no infection of the inside of the dura or 
brain, but there were signs of general septicemia, such as abscesses of the kidney 
and abscesses in the left psoas muscle and left elbow. The body was embalmed, 
and it was not possible to make a bacteriologic examination. 

The other cases were the result of a fall in one instance and of automobile 
injuries in the other two. The fractures were not compound, but involved the 
middle ear region, and it was from this bony sinus that the septic infection 
originated. 

One man fell from a ladder and sustained a posterior linear fracture which 
extended into the right mastoid cavities. After twenty-four days he died as the 
result of a septic thrombosis of the right lateral sinus, with multiple septic infarcts 
in the lungs. 
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Diagnosis of the Fracture . — ^The presence of a fracture of the skull 
was determined in several ways — ^by the history of the trauma, by the 
general condition of the patient, by the external signs of the injury of 
the head, by examination of the spinal fluid and finally by roentgen-ray 
examination of the skull. 

(fl) History of the Trauma: Information concerning any injury 
which the patient might have received always helped in making a 
diagnosis. In the majority of cases this information was available, 
although a few persons were admitted to the hospital in an unconscious 
state without any previous history. The chief value of this information 
lay in the fact that it gave the clinician a suggestion of what investiga- 
tions he should pursue. 

(&) General Condition of the Patient: If there were definite signs 
of well marked cerebral concussion or cerebral compression, the sugges- 
tion that the patient was suffering from some intracranial injury and 
perhaps from a fracture of the skull could be entertained with reasonable 
certainty. 

As has been noted, concussion occurred immediately after the trauma, 
and the patient appeared in a state of prostration and coma which 
lasted for a variable period of time. Sometimes it was of long duration, 
and the patient was unconscious for days; in other cases, it passed 
away within the hour, and the patient recovered his faculties completely. 
In rare instances, the fracture occurred without any signs of concussion. 
Generally, on admission to the hospital, the patient presented cerebral 
symptoms of moderate severity and was described as stuporous or easily 
aroused, irrational, mentally confused and irritable, often complaining 
of vertigo, headache and vomiting. 

Cerebral compression was often present on admission, but it was not 
always easy to recognize it as such until many clinical tests had been 
tried, especially when deep coma had already begun. The most typical 
instances occurred in patients who were admitted to the hospital in a 
rational condition and then lapsed gradually into unconsciousness, com- 
plaining of increasingty severe headache, vertigo and vomiting, with 
slowing of the pulse rate and a rise of blood pressure. Unfortunately, 
the patient was not always observed at this characteristic stage, and 
then the symptomatolog}- gave little assistance. Reliance had to be 
placed on a study of various signs, which included the pulse and blood 
pressure records, the pressure of the spinal fluid, examination of the 
eyegrounds and a consideration of the various neurologic signs. 

The pulse and blood pressure readings, while important, had to be 
interpreted with some degree of caution. So many factors influenced 
the circulator}' system that neither the pulse nor the blood pressure 
reacted to intracranial conditions with any degree of consistency. 
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The two automobile accidents caused lateral fractures whicli shattered the 
middle car region. One man developed a huge foul abscess between the dura and 
the skull of the middle fossa, with marked necrosis of the mastoid area, but 
abscesses were not found elsewhere. In the other case in which there was a 
similar but less e.xtensive fracture, a marked suppurative pachj-meningitis interna 
was seen near the region of the fracture, but leptomeningitis or anj' other anatomic 
signs of infection were not present. Both these persons lived about six days. 

The essential factor in all these cases was that the fracture permitted 
the entrance of the microorganism through the skull, and that conditions 
were such that its spread was further facilitated. Any small intracranial 
extravasations of blood, especiall)’’ small epidural clots under a compound 
fracture, made a splendid nidus in which pathogenic bacteria could grow, 
and when they reached such a lesion, the invasion was established 
definitel)'. 


Tabi.k 16. — Deaths Caused by Operath'c Procedures 


•Arp. Color, Sp.\ 

Casualty . 

Fraeturc 

Procedure 

Cause of Death 

Wliilo \voinnn 
•ifi years 

Low Inll 

Anterior linear 
fracture 

Given ether ane.'- 
tlictic for a Colic.® 
fracture of left 
wrist 

ICthcr anesthetic; 
died durini; 
anesthetic 

Wliltcboy 

14 years 

Automobile 

Posterior linear 
fracture; ilircct 
and contre-eoup 
brain laeeration 

liilnteral ilecompies- 
slon for intracranial 
pressure; operated 
on day of injury 

Postoperative 
shock; died a 
few hours after 
operation 

Wliite man 
m years 

Automobile 

Composite vault 
fracture; direct 
and contre-eoup 
laceration; frac- 
ture of ribs and 
left clavicle 

Decompression In 
area of commInute<i 
fracture; operated 
on day of injury 

Postoperative 
sliock; died a 
few hours after 
operation 

White man 

21 year.'i 

.\utomobIlc 

Compound lateral 
fracture with tear 
of superior IoorI- 
tudlnal venous 
sinus 

Decompression to 
stop hemorriince 
from venous sinus; 
oi>erntcd on day 
of Injury 

.'^udilcu death from 
lieinorrhaRc 
during ojK-r- 
atlon 


jycallis Caused by Operative Procedures: Postoperative Shock . — 
1 his group included four cases ; three of the patients died because of the 
operation on the skull, while one died under ether anesthesia. The data 
are given in table 16. 

The first three cases do not require detailed comment. 

1 he fourth, however, w’as the only example in the series of an epi- 
dural hemorrhage which resulted from laceration of the superior longi- 
tudinal sinus. The fracture as fir.st noted during life was a compound 
<lepressed fracture on the right of the midline over the coronal suture. 
During tlie removal of the bony fragments at operation, it was dis- 
covered that the superior longitudinal venous sinus was torn by the 
.•■har]i edges of the fracture, and that one of the tributarv veins on the 
inside (u' the dura was similarly torn. These bleeding points were 
rapidly sumretl, hut the patient lost so nuich blood during the procedure 
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In a typical case o£ cerebral compression the pulse became slow, 
dropping from a rate of from 70 to 90 a minute to about 40 to 60 a 
minute. It was then described as a slow and bounding, or as a “high 
tension,” pulse. Occasionally it was rapid and weak, and its rate was 
as high as 120 a minute. Its value as a diagnostic sign was, on the 
whole, rather limited. 

Tlie blood pressure readings also varied. A high blood pressure 
of systolic 180 and diastolic SO or one of systolic 230 and diastolic 
90 indicated definitely a severe grade of intracranial pressure. 

However, many patients showed comparatively low pressures, such 
as systolic 128 and diastolic 80, and the like. It was not infrequent to 
find a great variation in the blood pressure records in the same patient 
when they were taken at different times. The observ'ations were not 
consistent enough nor were the readings taken frequently enough to 
allow definite conclusions to be formulated; but apparently during the 
first few hours of the clinical course, the systolic blood pressure was 
high, and in the later stages it tended to drop as much as 40 or 60 points. 
This suggested that the circulation either was adapting itself to an 
abnormal condition or was weakening under the strain. It also indicated 
that the readings had to be taken at frequent intervals in order to 
convey information of significance. 

In some instances, the spinal fluid was blood-stained and flowed out 
under pressure. This was a reliable sign of intracranial tension, but the 
phenomenon was recorded only as a qualitative observation. A manom- 
eter was not available at the time the patients in this series were in the 
wards, so quantitative measurements of spinal fluid pressure were not 
made. There was, therefore, no criterion by which to compare the degree 
of pressure in the different patients. 

Ophthalmoscopic examination of the eyegrounds revealed circulatory 
disturbances in that region and so gave valuable information concerning 
intracranial pressure. In cases of moderate severity, the vessels of the 
disk were engorged, the <lisk apj>eared hazy or in some cases definite 
papilledema was found. In several instances, the opthalmoscopic exami- 
nation showed that tlie eyegrounds were .affected more on one side than 
on the other, and generally the c.ause of the increased pressure was 
loc.atcd on the side of the more involved eyeground. 

The neurologic examination was always necessara- in anv case of 
injury' of tlie head, especially if a craniotomy was under consideration. 


lor it often loc.ated tlie point of disturbance with a fair degree of 
accuracy. These tests included a routine determination of the follow- 
ing points: (1 ) conditinne of the pupils and the oculomotor svstem; ( 2 ) 
conditions of the facial and tongue muscles; (3) supcrficiarrefle.xes of 
the j.nmk: i4> deep rt-flexes of the extremities I (5) abnormal neurologic 
re.'.ctions. si-.cli ns patellar and ankle clonus. Babinsld and Kemig 
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that he died on the table. At necropsy, the decompression window 
was found in the region already noted, with a linear fracture on its left 
extending down the coronal suture to the left middle fossa, while another 
linear fracture on its right ran diagonally in a posterior direction to the 
right posterior fossa. The fracture had been produced by severe 
violence, for on the vault the posterior edges of the fracture were 
displaced to the left of the anterior edges. The sinus and its tributaries 
had been sutured, but the general pallor of the body indicated that much 
blood had been lost. The brain showed a laceration at the site of the 
decompression, about by 2 inches, and there was a hernia cerebri 
present in the opening through the skulK Contre-coup lacerations of the 
brain were not found. 

In the series of 507 cases, thirty additional trephine operations 
were performed, but, .while they did not help the patient materially, there 
was not any evidence to indicate that they were responsible for the fatal 
termination. Thirteen . were tried in cases included in the subdural 
hemorrhage and lacerated brain categories, seven in epidural hemor- 
rhages, four in cases of meningitis, four in cases of general septic infec- 
tion and two on patients who died of pneumonia. Relatively little 
information, however, was furnished by these unsuccessful operations, 
and the advisability of the procedure was best considered among the 
cases studied clinically. 

Deaths from Epileptic Convulsions . — ^Death from epileptic convul- 
sions was diagnosed in three cases. The patients had received a fracture 
of the skull a year and a half to two years prior to death and had 
recovered from the immediate effects of the injury. Two of the frac- 
tures were compound composite fractures in the frontal region of the 
vault, which had caused an extensive direct laceration of the adjacent 
frontal lobe of the brain. An operation had been performed, and at 
necropsy the brain was found firmly adherent to the decompression 
window by a pigmented scar. The third case showed an old healed 
depressed fracture in the left posterior parietal region, while the lateral 
frontal region on the right was extensively adherent to the dura over 
a wide area by pigmented scar tissues, which was obviously the result 
of an old contre-coup laceration in this region. 

The data are given in table 17. 

In each case there was a latent period of several months after the 
immediate effects of the injur}- were entirely over, and the patient was 
discharged as cured. Then convulsions began and grew worse until 
death ensued. The adhesions obviously had some association with the 
convulsions, but the nature of their influence was not evident. The 
etiolog}' of this type of epilepsy was just as obscure as that of idiopathic 
epilepsy. 
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stiff neck and others ; (6) abnormal conditions of muscular groups, such 
as weaknesses, spastic and flaccid paralysis and convulsive seizures. 

1. The reaction of the pupil to light was determined, it being espe- 
cially noted whether the reflex was absent or sluggish. If the pa.tient was 
at all rational, the test for accommodation was tried. The information so 
obtained was generally inconclusive, except that a sluggish or immobile 
pupil indicated that the intracranial complications were probably severe. 

In several instances the pupils were unequal, one was dilated, while 
the other was contracted, and this sign seemed to point to a lesion 
definitely located on one side of the cranial cavity. In seven fatal cases 
in which there was a subsequent necropsy, the right pupil was observed 
to be much larger than the left. Five of these showed an epidural 
hemorrhage on the right, one a subdural heinorrhage on the right and 
one an epidural hemorrhage on the left. The cause of the inequality 
was not easy to determine, but the difference in the size of the pupils 
depended, apparently, on the unilateral nature of the intracranial 
condition. 

Abnormalities of the oculomotor muscles, such as deviation of the 
eyes to the right and the head to the left and lateral movements of the 
eyeballs or nystagmus, were also noted. This, in all probability, was 
caused by cortical irritation, but the explanation was not obvious. 

2. Paralysis and weakness of the facial muscles on one side and 
deviation of the tongue to one side were noted, but, beyond indicating 
some sort of intracranial disturbance, their significance was uncertain. 
Many of these phenomena were transitory and cleared up finally. 

3. The superficial reflexes of the trunk, namely, the abdominal and 
cremasteric reflexes, were 'occasionally active and equal, sometimes absent 
on both sides, and at other times more active on one side than on the 
other. These reflexes apparently became less and less active as the intra- 
cranial condition increased in severity, and thus varied with the condi- 
tion of the patient, but their value as a guide to cerebral involvement 
was limited. 

4. The various deep reflexes, including the biceps, triceps, patellar 
and Achilles’ tendon reflexes, also varied, from being equal and hyper- 
active or equal and sluggish to being markedly unequal, when one side 
was much more active than the other. This generally indicated a uni- 
lateral intracranial lesion, but did not always indicate the side of the 
brain involved nor the nature of the lesion causing the trouble. The 
presumption was that the cerebral cortex was affected in some way. 

5. The abnormal reflexes, such as patellar clonus, Babinski’s reaction 
and several others, also indicated cortical involvement of some kind, 
generally of considerable severit}’. Much significance was attached to 
these abnormal reflexes when they were more pronounced on one side 
tlian on the other, and the inference was that the side which reacted 
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was sarcoma. While at the Memorial Hospital the patient was treated with 
massive doses of radium (60,804 millicurie hours at 7 cm. distance) and the 
mixed toxins; the latter were injected systemically in the buttocks. He received 
eleven doses while in the hospital, and further injections were given at hninc. 

The patient was well when last heard from, February, 1926, six years later. 

Case 24. — Periosteal osteogenic sarcoma of tibia. J, C., a boy, aged 15 years, 
in the latter part of July, 1921, while playing was struck with a baseball on the 



Fig. 49 (case 108 in table 7). — Inoperable sarcoma of first rib (clinical and 
roentgen-ray diagnosis). 


inner aspect of the right tibia. Shortly after, a small lump apj>fart<! at ti:c site 
of the injury and steadily increased in .vize; pain suon followed, and the p.iti'.nt 
walked with grc.it dilliculty. W’et dressings were at fir.^t ajiplied, and later iila>'*,er 
strappings. Four electric treatments were given by I Jr. Sidiuy Twineh Ntv.arl:, 
X. J., who had a roentgenogram taken and pronounced the trouble iarc' ir.;;. 'ihe 
patient was then referred to us for treatment. He wa' a>hni'.tid to tl'-- Ibopit:! 
for Ruptured and Crippled in the early part of Hctobir, 1**21. 

Physical examination at this time ‘•hownl enhargen:-:;: <■: t}'>- upp*r bid: ti <• 

right tibia, apparently of b-ny origin, extendine up t" !-;t : j ; -.rtnt'y ,!•, };;u 
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the joint. There was slight restriction of motion at the joint but no effusion. 
The clinical diagnosis was periosteal sarcoma apparently of traumatic origia 

October 5, we performed an exploratory operation: a 3-inch (7.6 cm.) incision 
was made over the anterior portion of the right tibia just below the knee joint; 
the periosteum was found to be markedly thickened and intimately connected with 
the neoplasm, which apparently involved the greater portion of the cancellous tissue 
of the bone. The patient was immediately started on systemic injections of the 
mixed toxins of erysipelas and Bacillus- prodigiosiis. He was sent to the Memorial 
Hospital, October 21, where he received radium treatment in the form of a pack 
over various areas at 6 cm. distance, totaling 40,162 millicurie hours. Some 
definite decrease in the size of the tumor was noticed after the treatment. A 



Fig. SO (case 108 in table 7). — ^Eight years later; recovery under toxins and 
radium treatment. 


roentgenogram taken in November showed the right tibia occupied by a periosteal 
osteogenic sarcoma involving the entire upper half, and apparently extending into 
the joint as well. There was some evidence of marked new bone production. 
This picture, when compared with one taken in October, showed some decrease 
in the size of the tumor. The toxins were kept up until twenty-eight injections 
had been given. The improvement, however, proved only temporary, and Dec. 2, 
1925, an amputation at the midfemur was performed by one of us (B. L. C.) ; the 
wound healed by primary union. Following the amputation, the toxins were 
immediately resumed as a prophj'lactic, and continued at home for about six months 
by the local physician. A microscopic examination was made by Dr, F. M, Jeffries, 
who reported osteosarcoma: Dr. James Ewing’s microscopic diagnosis was perios- 
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the strongest referred its behavior to the corresponding motor area 
of the cerebral cortex, which had been injured. 

'1‘he occurrence of an abnormall)’ rigid neck and a positive Kernig 
sign was generall}' referable to a suppurative leptomeningitis, but was 
also caused by subarachnoid hemorrhages, which could also produce 
cortical irritation. The only way in which differentiation could be made 
with any degree of certainty was by examination of the spinal fluid. 

6. The presence of weakness, paralysis or convulsions in various 
muscle groups, however, was a sign of great importance, and will be 
discussed at greater length later. The lesions giving rise to these abnor- 
malities were various and could be located fairly definitely over some 
portion of the brain. As a rule they indicated involvement of certain 
areas of the motor corte.K, always on the side of the brain opposite 
to the paral3’zed muscles. In some instances the lesion was a direct 
laceration of the motor area, in others it was a depressed fracture imping- 
ing on the cortex and in many it was an epidural or subdural hemorrhage 
pressing in the brain substance. The definite nature of the clinical sign 
usually suggested the site where a craniotomy would be most likely to 
relieve the intracranial complication. 

(c) Signs of External Injurj*: The e.xternal signs of injury of the 
head were always important, because through them the fracture could 
be located with a reasonable degree of certainty in a large number 
of cases. At least, they indicated where violence had been applied 
to the head and so suggested what intracranial conditions might logical!}’ 
follow the trauma. Injuries of the scalp were important in this respect. 

The scalp was particularly vulnerable to the violence, as it consisted 
of a layer of skin applied closely to the underlying hard cranium. Impact 
against a projection caused lacerations of varying length and depth, 
which were linear or stellate if the force was applied at right angles 
to the skin, but which resulted in a flap of skin if the projection 
impitiged on the sc.nlp tangentially. Occasionally a fracture of the 
skull was seen at the bottom of the laceration. 

If the head came in contact with a smooth surface, the scalp injury 
was not alw.nvs obvious. Direct impact, however, at times })roduccfI 
a contusion of the superficial layers without laceration. .Sometimes 
a lesion t>f this kind n]ipearcd as a mound with a softcnc<l area in the 


center, where the force had tvtrned the fat into pulp. .-\ tangential imj)act 
Itroduced abrasions of different degrees, sometimes associated with a 
contu>ion. In a few cases, the violence <lid not produce skin lesions 
of any kind: generally the force was a relatively slight one. and the skull 
w.-t*. thin. 


In some ir.vTatices, a local lesion was not evident on the suri.ace of 
the skm but a Imge, doughy k.em.aioma ri tl:e v.-tult wa-; often t>revOT^» 
enuong the scalp to bulge j^erceimldy in certain region^. Inveigation 
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The third case (case 10), showed bleeding from the right ear, signs 
of intracranial pressure, according to the blood pressure and pulse, and 
the deep reflexes on the left were greater than those on the right. A 
right subtemporal craniotom}* was performed a few hours after admis- 
sion, and blood and brain tissue were evacuated from the epidural and 
subdural spaces. The lesion was probably a laceration of the brain on 
the side of the fracture complicated by a subdural hemorrhage. 

These cases contrasted rather sharply with the fatal ones, in which the 
general condition of the patient on admission, with a few exceptions, was 
described as serious, the degree of intracranial pressure was often much 
more marked, and the neurologic signs were usually more pronounced. 
The histories indicated that, on the whole, the intensity of the intra- 
cranial complication was much less in the patients that recovered. It 
was also obvious that the craniotom)’ was clearly indicated in all three 
instances, for without it death would have been inevitable. 

OPERATION FOR COMPOUND FRACTURE RECOVERY 

Case 1. — ^I. B., a white man, aged 26, was struck by an automobile. He 
was conscious on admission to the hospital. A compound fracture was found in 
the anterior portion of the left parietal region. The left reflexes were hyperac- 
tive. Craniotomy was performed on the day of admission. The external wound 
%ras excised, and the bone was removed by rongeur forceps. The dura was intact 
and was not opened, but a needle was inserted, and clear cerebrospinal fluid was 
obtained. The length of the stay in the hospital was twenty-five days. 

One year later the patient had a slight palpable pulsation at the site of the 
craniotomy; the left pupil was slightly larger than the right, and he showed 
a slight Romberg sign. 

Case 2. — ^J. T., a white man, aged 28, fell down a hatchway. He was 
conscious and rational on admission. A compound fracture involving the frontal 
sinus was found on the forehead. Craniotomy was performed eight days later. 
Recovery was uneventful ; the patient was in the hospital ten days. 

When this patient was seen later, a bony deformity was present at the operative 
site, but the patient did not have any other symptoms. 

Case 3 . — ]. McK., a white man, aged 55, was struck on the head by a cuspidor. 
On admission, he was alcoholic and stuporous, but he was easily aroused. In the 
left parietal region, a comminuted compound fracture containing hair was found. 
The patient showed a pure motor aphasia, that is, he could understand, but could 
not speak distinctly. Craniotomy was performed on the day of admission, .\fter 
a right angle incision exposing the wound, bone fragments were removed by 
rongeur forceps, and a bleeding branch of the middle meningeal artery was ligated. 
The epidural clot was removed. A rent 2 cm. in length was found in the dura 
and closed. On discharge, twenty-eight days later, the patient was still a little 
aphasic. as he had difficulty in speaking, although he could read and write. He 
was also slightly dizzy. There was a sinus in the field of operation which still 
discharged. 

Three months later, he complained of dizziness and was unable to pronounce 
words well. The sinus in th.e wound still discharged fluid. He did not report 
subscquemly. ‘ 
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showed that much extravasated blood was present in the galea or was 
separating the galea from the skull. The hemorrhage was often caused 
by an extensive fracture which admitted blood through the broken 
bone from the inside of the cranium. In cases in which the dura and 
brain were lacerated, traumatized brain tissue was often found with the 
blood. In two cases, hematomas of this kind were observed to increase 
in size while the patient was in the ward, and thus served to establish 
the site of the fracture with a reasonable degree of' certainty. 

In some instances in the necropsy material, fractures resulting from 
the crushing action of an automobile wheel were sometimes accompanied 
by separation of the scalp from the bone, without an external tear of 
the skin. The grinding action of the wheel caused the separation and 
produced a hematoma from the torn vessels near the junction of the scalp 
and the skull. This lesion was found- mainly on the lateral part of the 
head. In several instances, however, the scalp was torn rather exten- 
sively by the violence, especially in the region of the ear. 

Among the sixty-one cases, injuries of the scalp occurred as follows : 
lacerations with compound fractures, 12; lacerations, 18; contusions and 
hematomas, 16; abrasions, 3; no scalp injuries, 12. 

Five of the twelve cases of uninjured scalps did not show demon- 
strable external trauma of any kind. This point was observed many 
times in the necropsy material and indicated that a serious fracture 
of the skull was not necessarily accompanied by surface injuries. 

Other signs of external injury were hematomas of the eyelids, bleed- 
ing from the nose, mouth and ears and vomiting of blood from the 
stomach. 

The hematomas of the eyelids were of different degrees, varying 
from a contusion of small size to huge swellings in both lids, sufficient 
to close them. They involved either one side or both and also were 
confined to either the lower or the upper lid, or they involved both. 
In many cases the ecchymosis was caused by rupture of one of the 
superficial blood vessels in the loose lid tissue and was not associated 
with fracture of the skull. In other instances, there was a fracture 
of the orbital plate, and the hemorrhage arose from rupture of a vessel 
inside the orbit, which bled through the fracture. The orbital lesion 
was generally the result of violence applied to the frontal region, but 
occasionall)’^ occurred as the result of a severe trauma applied to another 
portion of the skull. 

In the series of sixty-one cases, hematomas of the eyelids occurred 
five times on the right side, six times on the left and once on both sides. 
As a rule, this sign merely indicated some kind of an injury and did 
little more than suggest the presence of a fracture. 

In one instance there was a condition of subcutaneous emphysema in 
the frontal region, associated with ecchymosis in the eyelids. This was 
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Case 4. — L. D., a white man, aged 30, fell two stories to a sidewalk while 
cleaning windows. When admitted to the hospital he was unconscious. A com- 
pound fracture was present in the right parietal region and a hematoma of the 
left vault. On the second day, a craniotomy was performed in the right parietal 
region; a broken bone was removed, but the dura was left intact. The patient 
became semicomatose and had a slow pulse rate. The hematoma of the left vault 
increased in size. On the third day, a second craniotomy was performed over the 
left temporal region. A stellate fissure fracture was found with fresh blood 
oozing through the fracture line. A large area of bone was removed by ron- 
geur forceps, and an epidural clot was removed. The dura was incised, and 
from 20 to 30 cc. of blood was evacuated. Recovery was slow. The patient was 
discharged at the end of forty days with injuries healed. 

Six months later, the patient complained of headache and stuffiness in the cars. 
Mentally, he was slow and irritable. The skull defects did not bulge. 

Case 5. — ^W. McL, a white boy, aged 14, fell two stories. He was conscious 
on admission to the hospital, but irrational and irritable. A compound fracture 
was present in the left supra-orbital region; there was a dislocation of the left 
elbow and a Colles fracture of the left wrist ; the neck was rigid. The spinal fluid 
was blood tinged; the temperature was 103.8 C. On the fifth day, a craniotomy 
was performed in the left supra-orbital region, and the fractured bone was 
removed. A torn dura was discovered and an extrusion of degenerated brain 
tissue, which was removed; drains were inserted in the wound. After a stormy 
convalescence, during which the patient had a right basal pneumonia and an 
infected wound at the operative site, the condition cleared up. The injuries of the 
left arm healed, and the .patient was discharged at the end of two months and eight’ 
days, permanently blind in the left eye, except for light perception, and with a 
bone defect on the left side of the forehead. 

Two years later, the patient returned to the hospital, and a cartilage transplant 
from the ribs was put in in order to correct depression at the site of the old opera- 
tion. This operation was successful. 

Subsequent History: When the patient was 19 years old, he accidentally fell 
down an elevator shaft and sustained a fracture of the skull in the right frontal 
region, after which he developed an acute suppurative meningitis and died. 
Necropsj’ disclosed the foregoing conditions and the old healed craniotomy in the 
left frontal region. 

Case 6. — F. O. P., a white boy, aged 15, was shot in the forehead. He was 
conscious, rational and in good physical condition on admission to the hospital. 
There was an operative scar on the right side of the forehead, which was almost 
healed. Roentgen-ray examination showed a bullet in two pieces in the outer table 
of the skull and a small fracture there. On the fourteenth day after admission, 
the bullet was removed by a craniotomy on the right side of the forehead, involving 
both tables. A cartilage transplant from the seventh and eighth ribs on the right 
side was put in in order to remedy the defect. A small fragment of bullet was 
left in the scalp. The patient recovered completeb' and was discharged after 
twenty-nine days. 

Xo sc(|uclae were found. 

Case 7. — T. S., a white man, aged 44, was hit by a falling plank. He was 
conscious when admitted to the hospital, but in a state of shock. A large, bulging 
hematoma was present in the scalp, just to the left of the median line of the vault, 
with a laceration in the posterior parietal region. The blood pressure was low — 
systolic 75. diastolic 55. Convulsive jerking of the right leg was present, and 
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later this extremity became weak. Roentgen-ray examination disclosed a fracture 
of the left parietal bone, with branches to the frontal region and to the occiput, 
near the leg area of the rolandic fissure. A decompression operation was per- 
formed on the fifth day in the left parietal region near the laceration. The 
depressed fracture was reduced by rongeur, and a cartilage graft from the ninth 
costal cartilage was inserted in the defect. Motion of the right leg slowly 
returned, although the patient walked with a slightly spastic gait. There was no 
defect in the skull. The patient was discharged twenty-six days after admission. 

One year after operation, no untoward symptoms persisted, with the exception 
of a slight Romberg sign, and the right knee reflex was a little exaggerated. 


INTRACRANIAL PRESSURE 

Case 8.— A. D., a man, aged 41, slipped and fell, striking the right side of his 
head. He was unconscious for one hour. He vomited about ten hours later and 
had a hemorrhage from the nose, mouth and right car. Pain then developed in 
the right temporal region, and on account of this symptom, he entered the hospital 
three days later. On admission, he was conscious, and any external sign of injury 
could not be seen, but a definite point of tenderness was found 2 cm. above the 
right temperomandibular region. Roentgen-ray examination showed a linear frac- 
ture in this region. The right pupil was somewhat larger than the left, and both 
reacted sluggishly to light and accommodation. Blood was present in the spinal 
fluid, but the pressure was not increased. Three days after admission, an intr.i- 
venous administration of SO cc. of a 3 per cent sodium chloride solution was given. 
The pulse dropped from 77 to 54 beats a minute; the right eyeground showed 
dilated veins and narrowed arteries, but the disk itself was normal; there was a 
positive Oppenheim sign on the right, and persistent headache developed. A right 
temporal craniotomy was then performed, and a stellate fracture of the right 
temporal bone was found, one fragment being depressed. The bone was removed 
with rongeur. A thick epidural clot was removed with a ciiret, and the posterior 
branch of the middle meningeal was found lacerated near the bifurcation; this 
was ligated, and the oozing from the dura was controlled by a postage .stamp graft 
of muscle. Recovery was uneventful. The patient was discharged at the end of 
twenty-eight days. 

There were no sequelae. 

Case 9. — W . W., a negro, aged 27, was hit by a falling brick. He was admitted 
in a scmicomatose condition. A compound depressed fracture was present in the 
left parietal region. A hematoma of the right eyelid was present. right hemi- 
plegia rapidly developed, except in the fingers, accom])anicd by a pulse rate of 92 
bc.ats a minute and a blood pressure of 110 systolic and 50 diastolic. The spinal 
fluid was bloody and under pressure. A left parietal craniotomy was performed 
on the day of admission. A depressed fracture was found, with hair and debris 
in the wound. The bone was removed by rongeur forceps, leaving a defect 0 by 
5 cm. well beyond the soiled area. A thick layer of epidural clot was fouml and 
removed by curct. Tears of a branch of the middle meningeal artery and of the 
superior longitudinal sinus were found, and the bleeding points were controlled 
by application of aponeurotic grafts. The dura appeared normal and was not 
opimed. There was gradual recovery of movement on the right side; the ann 
movements came back first ; the right leg improved slowly and. even on the day of 
discharge, the patient had a we.ak <ankle and a steppage gait. He was discharged 
twcmy-ftiur days after injury. 
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of the external canal, while the drum was intact and the middle ear free 
from blood. There was a fracture on the opposite side of the skull, but 
this did not have any connection with the bleeding auditory meatus. This 
seemed to suggest that a fracture was not always the cause of the hemor- 
rhage. However, cases of this kind were exceptional, and in the 
majority of instances, bleeding from the ear canal was a reasonably 
certain indication of a fracture of the skull in that region. 

(d) Examination of the Spinal Fluid: The spinal fluid obtained by 
lumbar puncture was examined in forty-seven of the sixty-one cases. 
Bloody fluid in all three tubes was present in thirty-nine, and, of these, 
fourteen recorded as under pressure. Two times the fluid was turbid, 
four times it had a yellowish tinge and two times it was clear. In 
fourteen cases there was not any record of lumbar puncture. 

The bloody fluid merely indicated that there was a hemorrhage into 
the subarachnoid space or into the cavities of the brain from some 
cause, but it did not throw any light on its etiology. Both cerebral 
lacerations and spontaneous cerebral hemorrhages cause sanguineous 
lumbar punctures, so that the sign had only a limited value in differential 
diagnosis. Without doubt, laceration of the brain was responsible for the 
blood in the majority of cases considered here. The fluid often flowed 
out under pressure, especially during the hours immediately following 
the trauma. 

If the patient survived a few days, the character of the fluid changed. 
First the color was a bright blood red, later a turbid brownish red, still 
later a clear brownish or yellowish color; finally, the normal clear, watery 
type would appear. These transformations correspond roughly to the 
different changes which took place in the laceration of the brain and 
indicated different stages in the transformation of the extravasated blood 
until its final disappearance. 

The spinal fluid also indicated the onset of suppurative meningitis. 
At first, after varying intervals of several days following the injury, 
there would be a tremendous increase in the quantity of the fluid. Later 
it became cloudy and finally purulent. Microscopic examination at this 
stage generally showed polymorphonuclear leukocytes and sometimes 
bacteria. 

(e) Roentgen-Ray Examination: The roentgen ray was used in 
twenty-nine cases as an aid in the identification of the fracture. Four 
of these were craniotomies, and the examination was of great value in 
locating the bone lesion before the operation was performed. The other 
twenty-five cases were fractures from which the patient recovered under 
expectant treatment, and in all of them the diagnosis was made only by 
this means. More will be said about the applicability and the limitations 
of the roentgen-ray examination when these cases are discussed. 
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The patient was seen over a period of two years. Slow improvement took 
place, and he regained power in the right leg gradually. He was able to do heavy 
work, but there wa's some limitation of motion in the toes. The bone defect did 
not cause any trouble. 

Case 10. — ^V. N., a man, aged 25, was injured in collision between a truck and • 
a street car. He was admitted to the hospital in a rational condition, but was 
drowsy and irritable. There was bleeding from the right ear canal, and the ear 
was split in a portion of the tragus. The spinal fluid was bloody. A few hours 
later, he became drowsier and more irritable. The deep reflexes were exaggerated, 
the left more so than the right. Blood pressure was 160 systolic and 120 diastolic. 
The pulse rate was slow, but full and bounding. A right subtemporal craniotomy 
was performed a few hours after admission, and an extensive egg-shell fracture 
was found in the temporal fossa. The bone was removed by rongeur forceps. 
A small amount of clotted blood and brain tissue was found external to the dura. 
As small spicules of bone had pierced the dura, a crucial incision was made in the 
dura. The brain bulged slightly and pulsated. Recovery was not eventful ; pulsa- 
tion at site of operation subsided, and the patient was discharged after twenty-six 
days in the hospital. 

A month later, the patient complained that he was easily irritated by loud noises, 
had a headache and was dizzy. Three years later, he was reported as free from 
objective symptoms, but was unable to work in the city because he could not endure 
the noise. 

CRANIOTOMY FOR THE RELIEF OF A DISABLING PARALYSIS 

Case 11. — ^R. C., a white woman, aged 36, was struck by an automobile and 
knocked against an elevated pillar. She was at another hospital for eleven days 
and then transferred to Bellevue. Shortly after admission, she showed a laceration 
of the scalp in the left temporoparietal region. There was a left facial paralysis 
of the upper motor neuron tj'pe. Roentgen-ray examination showed a stellate 
fracture of the left parietal region. On admission to Bellevue, the patient was 
semistuporous, restless and moved all extremities with the exception of her left 
arm, which was rigidly flexed on the chest. There was a left lower facial 
paralysis. The tongue protruded to the left. The symptoms were diagnosed as a 
possible injury to the right motor area. A craniotomy was performed in the 
right parietal region over the motor area nineteen days after the injury. A bone 
flap was turned down, the motor area exposed, a needle inserted in the arm area 
and some old blood obtained from the brain substance. Nothing further was 
done. The paralysis of the arm improved gradually, and the patient left the 
hospital on the fifty-third day after the injury. 

At the end of two j'ears, the patient did not show any particular symptoms 
except a slight spasticity of the left leg, but this was not troublesome. Otherwise 
she was in good condition. 

The eleven cases in this series showed a variet}’^ of after-effects. One 
boy recovered and remained without S 3 'mptoms (case 6). Two other 
patients also remained Avithout s 3 'mptoms, with the exception of the bor 
defect at the craniotom 3 ’’ site (cases 2 and 8). Three patients recover 
without any other S 3 Tnptoms except some vague neurologic signs (a 
1. 4 and 7). One man (case 10) developed a marked ps 3 ’chosis, sc 
he was unable to work. 
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Indications for Craniotomy . — ^The next point to determine was 
whether or not a craniotomy was necessaiy. In this series, thirty-four 
patients were subjected to this operation, and of these twenty-three died 
and eleven recovered. In every case there was a definite indication 
for the operation, which could be classified as follows : (a) compound 
or depressed fractures — fatal cases 3, recovery 7, total 10; (&) increased 
intrancranial pressure — fatal cases 20, recover}' 3, total 23; (c) local 
paralyses — fatal cases 0, recovery 1, total 1. 

(a) Compound or Depressed Fractures: The reasons for surgical 
inter\'ention in cases of compound fracture are obvious enough. Lacer- 
ation of the scalp exposes the broken bones, and often hair and other 
infective material are present in the depths of the lesion. Conditions are 
right for the onset of a septic infection, and unless the fractured area is 
cleaned, death almost surely will result. 

Depressed fractures are also sufficient in themselves to justify a 
craniotomy, even when the fracture is not compound. The bony frag- 
ments impinge on the adjacent portion of the brain, where they often 
cause direct lacerations of the cortex and sometimes produce definite 
disability. 

The causes of the casualties in my ten cases were as follows : blunt 
instruments, 3 ; high falls, 3 ; falling objects, 2 ; automobile accidents, 1 ; 
bullet wound, 1. The trauma was such that an object with a limited area 
of impact in some way came into contact with the skull, causing a more 
or less localized lesion. 

The ages of the patients showed two boys aged 14 and 15 years, four 
men aged 26 to 30 years, two men aged 44 years and two men aged 50 
and 55 years. 

The depressed portions of the fractures were situated in the left 
parietal region in three cases, in the right parietal in two and in the 
frontal region in five. A laceration was present in every instance, and 
in nine cases exposed the fracture. In one instance, the laceratioji did 
not make the fracture compound. 

In the three fatal cases, hair and other foreign material were driven 
in among the fractured bones in two instances, while in the other case the 
bone was exposed freely. All died of an acute suppurative meningitis. 
Two were operated on early, and the infected material was removed, but 
the infection made its appearance on the third day, and death followed 
on the fifth. The other patient did not give any indication that he was 
in danger, but on the eighth day signs of meningeal irritation developed. 
Operation disclosed a severe frontal fracture with hair in between the 
bones and the septic process already present; he died on the ninth day. 

The patients that recovered probably escaped because the infection 
was kept well ttnder control. Six of these fractures were definitely 
compound. Two were operated on shortly after admission, and in one 
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I'oiir patients, however, showed definite sequelae, which in all prob- 
ability were referable to some lesion of the brain or some other complica- 
tion of the fracture. These sequelae are shown in table 21. 

In cases 3, 9 and 11, the muscular disability never disappeared 
entirely but improved as time went on. This suggests a brain injurj’ 
in the cortex as the cause of the symptoms. 

The craniotomy wound in the eleven cases caused scarcely any 
trouble, except in two instances. One man showed a pulsation at the site 
of the defect (case 1). In others, a deformity was left on the skull, 
notably a depression near the decompression window. One boy (case 
5) actually returned to the hospital to have the defect successfully 
corrected by a cartilage transplant from the rib. Two others (cases 
6 and 7) had the skull defect similarly reinforced at the operation, and 
the result was uniformly successful. 


Table 21. — After-Effects of a Compound Fracture and the Probable Cause 



Disability 

Probable Cause 

Ciipe 3 

Total blindness ot one 
eye, permanent 

Cause unltnown, but probably due to tear ot 
optic nerve or injury of eyeball 

Cnfc 3 

Persistent nplinsin; 
motor epeeeli 

Probable injury of brain near Island of Relt 

Cnsc 0 

Loss ot power In rlclit leg 
wlilcli, however. Improved 

Probable injur>’ to brain in motor area in 
left cerebral hcmlsphcro 

Case n 

Slight spasticity ol Iclt 
leg, not troublesome 

Definite Injury ot brain in motor area In 
right cerebral hemisphere 


RECOVERY UXDER EXPECTANT TREATMENT 

Many patients with injurj’ of the head were admitted to the hospital 
and recovered under expectant treatment, but it was questionable whether 
all of these had fractures of the skull. Unless a definite crack in the 
bone could be discovered by direct observation or by roentgen-ray exam- 
ination, the case was eliminated from the series. 

The total number of cases was twenty-seven. Two fractures were 
seen or felt through a laceration of the scalp in the frontal and right 
parietal regions, respectively. Another fracture of the frontal region 
was diagnosed by the presence of comminuted nasal bones, hematoma 
of the eyelids and a subcutaneous emphysema around the frontal region. 
1 he remaining fractures, however, were demonstrated only by the 
roentgen-ray examination; there were ten in the right parietal region, 
nine in the left parietal and five in the occipital region. 

1 he prcpontlcrance of jiarietal fractures in the series was, perhaps, 
due to the fact that the roentgenogram shows cracks more readilv in the 
lateral jiart of the skull than elsewhere, probably because the photo- 
graj^hic field is easier to penetrate in this part than in the other regions. 
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of these hair was found between the broken bones (case 3). Trephine 
was performed on one patient on the second day over a compound frac- 
ture in the right parietal region, and later a craniotomy was performed 
in the left parietal region because the hematoma of the scalp began to 
increase in size at that point (case 4) . One boy, aged 14 years, developed 
an infected- compound fracture in the left frontal region, but the 
craniotomy on the fifth day served to stay the infection (case 5). 

Another man, aged 28, fell down the hatchway of a ship and sustained 
a severe compound fracture of the frontal region, which extended into 
the frontal sinus. The operation was performed eight days later, and 
the patient recovered without any sequelae (case 2). 

One boy, aged 14 years, had a fragment of bullet removed from the 
frontal region fourteen days after the shooting and also recovered 
without incident. This, however, was not remarkable, as the foreign 
body penetrated only the outer table and did not involve the inner table 
(case 6). 

A man, aged 44, was operated on for a depressed fracture in the left 
parietal region which, however, was not compound. The fracture appar- 
ently produced definite weakness and convulsive jerldng of the right leg; 
craniotomy on the fifth day relieved these symptoms in part (case 7). 

Three of these cases produced definite abnormal neurologic signs, 
probably referable to a direct laceration of the adjacent portion of the 
brain. They will be considered in greater detail in the section on 
“follow-up.” 

A consideration of these ten cases sheds little light on why there 
should be infection in some and not in others. In some instances, a 
prompt operation failed to stave off the suppurative meningitis, while 
in others a delay of several days did not seem to cause any untoward 
effects. In addition, two compound fractures were described in the 
series of cases in which the patients recovered under expectant treat- 
ment. In general, the more the bone was broken and the more foreign 
material that was present in the wound, the greater was the likelihood 
of septic infection ; some patients, however, apparently showed surprising 
resistance to severe injuries of this type. 

(b) Increase of Intracranial Pressure: Twenty-three patients were 
operated on for the relief of intracranial pressure. Of these, twenty 
died and three recovered. The craniotomy in this type of lesion was not 
so effective as in cases in which depressed and compound fractures were 
the chief indications for operation. 

Fatal cases. Here the points of emphasis were the general clinical 
picture which the patients presented in the hospital, the means by which 
the fracture was located and the different factors which encouraged the 
surgeon to try the craniotomy and to select the side of the head on which 
to operate. • 
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As a means of diagnosis, the roentgen ray is valuable in some cases, 
but the possibility of error cannot be excluded. Many grooves occur 
in the skull normally, and it is not impossible that some of these may 
throw a shadow similar to a skull fracture. However, in this series 
positive diagnosis by the roentgen ray was accepted as proof of fracture. 

The age dnd sex incidence are shown in table 22. 

On admission to the hospital the symptoms were variable, but were 
generally those of a moderately severe cerebral concussion. Three 
patients were unconscious but recovered their senses a few hours after- 
ward. The other twenty-four were conscious on admission to the 
hospital and more or less oriented; they were semistuporous, irritable, 
complained of headache, had vertigo, vomited, etc. Most of these patients 
gave a history of a period of coma immediately after the accident; in 
other instances, their condition after the accident was in doubt. One man 
said definitely that he was not .unconscious. 


Table 22 . — Cases that Recovered Under Expectant Treatment 



Age Incidence 




No. of Cases 


No. of Cases 

10 to 20 years 

5 

40 to 60 years 

4 

20 to 30 years 


50 to 60 years 

r> 

30 to 40 years 

8 

60 to 70 years 

1 


Sex Incidence 


• 

22 men 


5 vromcn 



Casualty Incidence 


Automobile accidents.. 


Hit by falling object 

2 

Street car accidents... . 


Hit by digger on coal barge. 

1 

High falls 


Elevator accident 

1 

Irnir falls 


Beaten 

1 

Falls dotrn stairs 

o 

Unknown 

1 

Thrown from vehicle.. 





Some of the patients improved without displaying any further symp- 
toms, while others gave an indication that they were suffering from a 
mild grade of cerebral compression. This was shown in various wa^'s — 
by a slow pulse rate, by increased pressure in the spinal fluid and by 
a variation in blood pressure from systolic 90 and diastolic 60 to systolic 
150 and diastolic 70. The symptoms were never extremely severe, how- 
ever. Sometimes the headache was localized, and this, together with 
vertigo and vomiting, was the only phenomenon recorded. None of the 
patients in this series showed a second lapse into unconsciousness so 
often described in the operative cases. 

The external signs of injury were various. Lacerations of the 
scalp were present in twelve patients, contusions of the scalp in seven,' 
hematomas of the eyelids in three, bleeding from the ear in five and from 
the nose two. vomiting of blood in three, blood in the posterior pharynx 
in one and subcutaneous emphysema of the frontal region in one. Five 
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It is worthy of note that twelve patients were admitted in deep coma 
and apparently in a serious condition. One of these gave a history of a 
lucid interval and relapse into coma a second time before he entered 
the hospital unconscious. 

Four patients admitted in a conscious condition while in the ward 
rapidly became unconscious, thus demonstrating the onset of cerebral 
compression. Four patients were admitted in a partially stuporous 
condition and gradually sank deeper and deeper into the final moribund 
state. 

The patients were operated on as follows : on the day of admission, 
13 ; on the first day after admission, 1 ; on the second day after admission, 
2; on the third day after admission, 1; on the sixth day after 
admission, 3. 

As a general rule, the patients displaying the most acute symptoms 
were operated on as soon as possible, while others were trephined at a 
later date because they did not display frank signs of intracranial tension 
until just before the craniotomy was performed. 

The external signs of injurj’^ helped to indicate, with a fair degree of 
accuracy, the point at which the violence was applied, but there were 
a few errors. An obvious laceration in one case was entirely distinct 
from the point of fracture, and this was explained by the fact that the 
head could be easily injured twice in the same casualty. However, the 
craniotomy site was selected on other grounds, and this furnished a check 
against a mistake. 

The signs were: lacerations, 6; hematomas, 7; hematomas which 
increased in size, 1 ; hematomas and bleeding ear canal, 1 ; abrasions and 
bleeding ear canal, 2 ; bleeding ear canal, 1 ; no signs externally (fracture 
located by the roentgen ray), 1, 

The presence of intracranial pressure was recognized in various 
ways — in many instances by a slow pulse, in some by high blood pressure, 
in others by pressure in the spinal fluid, in one case by increase in the 
size of the hematoma of the scalp, in another by profuse bleeding from a 
compound fracture and in four by the lapse of a conscious patient into 
coma while in the ward. . The reliability of these various methods has 
ahead)’ been discussed. 

The neurologic signs were especially valuable in locating the site 
of the compression, though at times they led the operator into mistakes. 
The most convenient way to consider them is in connection w’ith the 
complication which caused the death of the patient. 

Unilateral epidural hemorrhages were demonstrated in eight 
instances. Two of the cases showed merely severe intracranial pressure, 
but not any definite ncurolojjfic signs. The other six, however, gave the 
following indications that the cerebral cortex was involved on one side : 
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cases did not present any si^i of head injury. In the majority of 
instances, the external injuries gave a clue to the location of the fracture, 
but in some this connection was not obvious. 

In two instances a sharply localized headache, once in the left 
parietal area and once in the occipital area, helped to indicate the probable 
site of the fracture, which was later confinned by roentgen-ray 
examination. 

The neurologic signs were indefinite. All the pupillar)' reflexes were 
normal. Examination of the ej'egrounds revealed at most only a slight 
haziness or congested vessels. The nomial reflexes were described as 
hyperactive, sluggish and sometimes unequal on the two sides. A few 
pathologic reflexes were described, such as ankle clonus, Babinski sign, 
positive Kernig sign, stiff neck, nystagmus, temporary facial paralysis 
and deviations of the tongue to one side. One woman showed a per- 
manent foot drop, but there was reason to believe that this was caused by 
an injury to tlie peripheral nerve trunks. Most of these signs were 
temporary, and were not definite enough to encourage a craniotomy for 
the relief of the S3'mptoms. 

Examination of the spinal fluid revealed a bloodj' fluid in two or three 
tubes in eiglitecn cases (under pressure 10), a yellow tinged spinal fluid 
in 2, a spinal fluid at first bloody, then clear in 1, observations not 
recorded in 6. The blood in the fluid indicated that there was a sub- 
arachnoid hemorrhage of some kind which, in all probability, took its 
origin from an injury to the brain. The j'ellow tinged fluid occurred 
in two patients who entered the ho.spital several days after the trauma, 
and the lesion presumably was being transformed into a "plaque jaunc” 
at the time of the lumbar puncture. One patient, as noted, showed 
blood in the spinal fluid on admission to the hospital, which later became 
clear, probably indicating complete healing of the brain injury. 

The anatomic characteristics of the fracture and the intracranial 
lesion could only be surmised. Most of them appeared to be vault frac- 
tures which descended into the base. With the exception of one or two, 
it was impossible to say how many were comminuted. Two fractures 
were compound. Inn neither was infected, and it is difficult to c,\plain 
why they should have healed without operation, while intracranial infec- 
tion occurreil in similar lesions. 

1 wenty-one patients ended their conv.alcsccnce in from twentv to 
twenty-four days. 1 wo were in the hospital onh’ fourteen da vs, but 
had been injured sevenil ilays previous to admission. Four patients 
remained from thirty to fifu- da\’.s in the ward, but this was because 
they liad other injuries, such as fractures of the forearm and the like. 
1 lie t:<n;d tenn of convalescence seemed to be slighth* more than three 
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Lateral linear fracture on the right side. 

Epidural clot on the right side. 

Deep tendon reflexes on the left more exaggerated than on the right. 

Ankle clonus on the left more persistent than on the right. 

The right pupil larger than the left. 

Lateral linear fracture on the right side. 

Epidural clot on the right side. 

The right arm more spastic than the left. 

Weakness of the left facial muscles. 

Pupils not mentioned. 

Lateral composite fracture on the right side. 

Epidural clot on the right side. 

Paralysis of the right facial muscles. 

Extremities on the left more spastic. 

The right pupil larger than the left. 

Lateral linear fracture on the left side. 

Epidural clot on the left side. 

Paralysis of the right facial muscles. 

Flaccid paralysis of the right arm and leg. 

The right pupil larger than the left. 

Lateral linear fracture on the right side. 

Epidural clot on the right side. 

Flaccid paralysis of the left arm and leg. 

The right pupil larger than the left. 

Lateral linear fracture on the right side. 

Epidural clot on the right side. 

Pressure on hematoma in the right mastoid region induced a clonic con- 
vulsion in both upper extremities. 

The right pupil larger than the left. This, with a hazy eyeground on the 
right side, apparently determined the site of the craniotomy. 

Apparently the pressure of the extradural hemorrhage over the motor 
area was the cause for the different neurologic reactions. In four 
instances the extremity muscles on the side opposite to that of the 
hemorrhage were involved in some way. One patient for some reason 
showed a paralysis of the arm on the same side as the epidural clot. 
The sixth case showed clonic convulsions in the upper extremities, which 
were induced by pressure over the right mastoid. In every instance the 
craniotomy successfully demonstrated the fracture and the hemorrhage. 

The pupil was dilated on the side of the lesion in five cases, but was 
dilated on the opposite side in one case. The facial muscles reacted 
capriciously and were useful only as confirmatory phenomena. 

Unilateral subdural hemorrhage was described in six cases. One man 
had every indication of severe intracranial pressure, but distinctive 
nen'ous phenomena were not present. The other five patients, however, 
showed some of the following definite reactions : 
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weeks. The impression was given that the active symptoms would dear 
up during that time if the injuries were going to heal spontaneously. 

All of these twenty-seven patients were followed up for a greater 
or lesser length of time after discharge from the hospital ward. Nine 
did not show any symptoms. The other patients, however, complained 
of a great variety of symptoms, some of which were transient, while 
others lasted as long as the follow-up observation continued. Fifteen 
patients complained of headache and dizziness. Three others showed 
symptoms of a low grade psychosis, such as apprehensive feelings, poor 
memory, inability to concentrate, and the like. Undoubtedly many of 
these phenomena had an organic basis, but some were undoubtedly psy- 
chologic. Fractures of the skull are regarded with great trepidation 
by the laity, and there is a tendency to exaggerate the consequences of the 
injury. It was also difficult to say in any one case just what was caused 
by the fracture and what was the result of some other constitutional 
disability. 

Six patients developed deafness in one ear, four on the right and two 
on the left side. There was reason to believe that the disability did not 
antedate the injury and was caused by the fracture line running through 
the ear structures in the middle fossa. Four showed bleeding from the 
auditory meatus on admission to the hospital, and five showed fractures 
involving the middle fossa in the ear region. The lesion which produced 
the deafness was never ascertained. Otoscopic examination of the ear 
drums was recorded in three cases, but only one patient showed a 
definite injury of the drum on the deaf side (see protocols). 

In this connection, it was worth noting that two patients who showed 
bleeding from the external auditory meatus on admission did not subse- 
quently complain of deafness in that ear. Fractures of the middle 
fossa not infrequently passed over the roof of the external ear, avoiding 
the deeper ear structures, but at the same time causing an aural hemor- 
rhage by laceration of the mucous membrane of the external canal. This 
lesion would not necessarily cause deafness. One case in the list showed 
a temporary facial paralysis wliich, however, cleared up in six months 
after the patient left the hospital. The origin of the paralysis was not 
obvious (case 15). 

One patient who was followed up complained of a greatly impaired 
sense of smell, which gradually improved as time passed. The history 
and clinical course in this case suggested that the disability was, in all 
probability, caused by lacerations on the under surface of both frontal 
lobes which involved the olfactory bulbs to a greater or lesser degree. 
Many necropsies showed numerous contre-coup lacerations of the orbital 
convolutions and the olfactorj’^ bulbs, and it was more than probable 
that this was the lesion in case 18. 
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Causes of the Cerebral Compression 

Lateral composite fracture on right side 
running across vertex. 

Left subdural hemorrhage from contre- 
coup laceration. 

lateral composite fracture on the right 
side. 

Right subdural hemorrhage from direct 
laceration. 


P<jstcrior linear fracture to foramen 
magnum. 

Subdural hemorrhage on left from con- 
tre-coup laceration. 


Lateral linear fracture on right side. 
Subdural hemorrhage on left from con- 
tre-coup laceration. 

Bilateral craniotomies were performed 
in both parietal regions. 


Lateral linear fracture on right side. 
Large right subdural hemorrhage from 
contrc-coup laceration. 

Moderate sized epidural clot on left 
side. 


Neurologic Signs 

Bilateral ankle clonus and Babinski sign 
more pronounced on the right side. 

Dex'iation of tongue to the left side. 

Pupils dilated but equal. 

Weakness of left arm and left side of 
face, manifest on second day. 

Deep tendon reflexes and ankle clonus 
increased on left side. 

Pupils slow to react but equal. 

Clonic comnlsions, right arm and leg, 
periodic. Later right arm became 
spastic and right leg flaccid. 

Paralysis of left_ facial muscles. 

Head turned to right, eyes to left. 

At first, neck was rigid and left facial 
muscles showed clonus. Periodic 
convulsions later. 

Clonic contraction of neck muscles on 
right and right arm. 

Tonic spasm of left arm. 

Legs — ^tonic spasm in extension. 

Pupils equal. 

All refle.\-es exaggerated on left side. 

Left arm and leg spastic. 

Right arm and leg flaccid. 

Right pupil larger than left. 


As noted in the foregoing, in three cases, abnormal refle-xes, \vetikne.ss 
of muscle groups, clonic convulsions and tonic contractures were jjresent 
on the side opposite to that where the subdural hemorrhage was located. 
In another instance, the convulsions and the nerv'ous phenomena were 
striking but not definite, so that bilateral craniotomies were performed. 
In another, the pupillarj' reactions and spastic paralyses in the muscles 
of the left extremity suggested a hemorrhage on the right, but the 
flaccid paralysis in the right e.xtremities indicated lesions elsewhere. 
As a matter of interest, there was an epidural clot of moderate size in the 
left temporal region, which possiblj’’ explained the latter. 

In all of these cases the operative field was selected with due regard 
to tTie signs, and the source of trouble was located successfully. The 
pre.-^surc of the hemorrhage probably caused the abnormal neurologic 
condition.';, although in .some instances lacerations of the brain undoubt- 
edly had an effect, 

Piilateral subdural hemorrhages were present in three cases front 
clircct and contre-couj) cerebral lacerations. In one man. with a lateral 
linear fracture on the right side, clonic convulsive seizures were noted 
in the right ann and face, while the left side of the body showed almost 
complete spastic hemiplegia. Another patient, with the fracture on the 
right side, showed sjiasticity in lioih arms and legs, especially on the 
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right, with the development of a right patellar and ankle clonus. Still 
another, with a left lateral fracture, showed a flaccid paralysis of the left 
arm and leg and a spastic right arm and leg. The fractures in all these 
cases were in the parietal region, and the operation was performed near 
the sites of fracture. 

Two patients died of a suppurative meningitis. In one instance, the 
craniotomy was performed in the left parietal region because a definite 
paralysis was present on the right side of the body and the right pupil 
was larger than the left. There were also definite signs of increased intra- 
cranial tension. The operation disclosed a lateral linear fracture and a 
direct laceration of the brain cortex. The patient later developed the 
meningeal inflammation which was demonstrated by lumbar puncture. 
Necropsy was not performed, and the cause of the meningitis could not 
be ascertained. 

The other patient admitted showed few symptoms besides bleeding 
from the left ear canal. Two days later the discharge from the ear 
became purulent ; he also developed a generalized convulsion, a stiff neck 
and a bilateral Kefnig’s sign. Indications of increased intracranial 
pressure appeared, which encouraged the surgeon to attempt a craniotomy 
in the right parietal region on the sixth day. Nothing was found at 
operation, but a marked cerebral hernia developed in the operative field. 
The patient died shortly after the operation, and necropsy disclosed 
a lateral linear fracture of the left middle fossa involving the middle ear, 
with a severe otitis media, an abscess of the brain in the adjacent portion 
of the left temporal lobe and a suppurative leptomeningitis. It is prob- 
able that the abscess of the brain was responsible for the symptoms of 
intracranial pressure. 

(h) Recovery after craniotomy: Three patients gave distinct signs 
of intracranial pressure but recovered after craniotomy. 

The impression was gained from the histories that all three when 
admitted showed only a moderately severe degree of traumatic shock. 

In one instance (case 8), the fracture was located in the right 
temporal region by the roentgenogram and the localized headache. 
Definite signs of intracranial pressure on the third day of the patient’s 
stay in the hospital, together with an engorged eyeground and an 
abnormal reflex on the right side, seemed to indicate a right temporal 
craniotomy. When this was performed, an epidural clot was found and 
evacuated. 

In a second case (case 9), the fracture was compound in the left 
parietal region, while a developing right hemiplegia indicated that the 
complication was present near the fracture. The spinal fluid was bloody 
and under tension, indicating increased cerebral compression. A left 
parietal craniotom}', performed a few hours after the injur)', disclosed 
an epidural hemorrliage, which was controlled. 
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Case 16. — O., a white woman, aged 25, was knocked down by a taxi. She 
was admitted in a stuporous condition, with tender spot just behind and above 
the left mastoid. She complained of severe occipital headache and ringing in the 
left ear. The spinal fluid was bloody on admission, but flowed out clear seven- 
teen days later. At first, she showed definite nystagmus, an active patellar tendon 
reflex on the right and absent on the left. Roentgen-ray examination disclosed a 
fissure fracture of the right side of the occiput running to the foramen magnum 
and another fracture of the right border of the foramen magnum. She was dis- 
charged on the twenty-fourth day, still complaining of deafness and buzzing in 
the left ear. 

One year later, she showed persistent deafness in the left ear, but no other 
symptoms. 

Case 17. — C. B., a white man, aged 27, was injured in an elevator accident. 
He was admitted in a semistuporous condition with pain in the back of his head. 
Bleeding from the right ear was present. The pupillary and tendon reflexes were 
norjnal. The spinal fluid was bloody but under normal pressure. Roentgen-ray 
examination disclosed a fracture in the right middle fossa, running into the right 
temporal and parietal bones of the vault. He complained of deafness in the right 
ear, which persisted to the day of discharge — twenty-four days later. 

After two years, deafness persisted in the right ear, and the patient also had a 
low grade psychosis. 

LOSS OF SENSE OF SMELL 

Case 18. — H. R., a white man, aged 43, was struck by a taxi. He was dis- 
orientated and drowsy on admission to the hospital, but he knew his name and 
address. He complained of headache and dizziness, especially on motion. External 
injuries were not noted. The pupillary reactions were normal, and the tendon 
reflexes were slightly hyperactive. The spinal fluid was bloody and under increased 
pressure. There was slight cloudiness in the right eyeground ; the left was normal. 
The day after admission, the patient complained of right frontal headache, which 
persisted for three days. A slight ecchymosis developed in the right eyelid. 
Roentgen-ray examination showed a fracture in the right temporo-occipital region, 
extending about V/z inches upward from a point inches behind the right 
auditory meatus. For a few days, his pulse rate was slow — about 68 to 80 — with a 
blood pressure of 130 systolic and 80 diastolic. All symptoms finally cleared up, 
and on the twenty-fourth day the patient was discharged. 

For a few months, he suffered from dizziness on sudden motion of the head and 
throbbing in the left ear. He also found that he had lost all sense of smell : at 
first, this was complete in the left nostril but only reduced in the right. This 
persisted, but gradually he was able to recognize odors. He found that he often 
noticed smells that were not present, such as the odor of creosote. Most odors were 
disagreeable to him. This did not have any relation to his physical condition, 
as he was well otherwise. 

COMMENT 

The sixt 3 ’’-one cases considered showed a preponderance of fractures 
in the lateral part of the skull, with relatively few located anteriorly 
and posteriori}'. They were found as follows: lateral fractures, 48; 
anterior fractures, 7 ; posterior fractures, 6. The reason for this dis- 
proportion was probably that the lateral variety was more easily discov- 
ered by the roentgen ray than the other types, and also that this variety 
was accompanied by such characteristic external lesions as large hemor- 
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teal osteogenic sarcoma. The patient lias remained well up to the present time, 
more than five years later. This case has been reported in tlie Bone Sarcoma 
Registry. 

Case 25. — Sarcoma of tibia (clinical and roentgen-ray diagnosis}, frobably 
endothelioma; treated with toxin and radium; limb saved; patient well seven years 
later. 



Fig. 51 (c.nse 117 in table 7). — PcrioMcal sarcuiiw of femur afte.' pr* ]< 
roenigcn-rny tre.atmcnt ; death from nieta‘-ta<;es. 


\V. P., a man, aged 55, \va> referred to ti,- by Dr. .Alfred M. it'. i.f 
Hartford. Conn., in July, lOlO. l^mr years bef<Te the priti'-:;* b...'! fa!!-.:; ;r. m a 
ladder; four d.ay.s later he sufTered a fracture of the uj-per p-rt; <•: tie ti'-a; 
the leg was placid hi a plaster cast for three wttl.<. Tw ' jiar' lat'-r, 
off a street car, lie fell, fracturitej the ‘■.•.me Ih- e.\. 
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showed extensive bone destruction of the middle and upper portion of the shaft, 
involving both central portion and periosteum. No exploratory operation was 
done at the Memorial Hospital ; he was treated with radium locally and the toxins 
systemically for several months. The fracture reunited, new bone formed, and 
when last heard from, in July, 1926, six years later, the patient was still in 
excellent condition. 



Fig. 52 (case 117 in table 7).— Periosteal sarcoma of femur. 


Case 26 . — Periosteal osteogenic sarcoma of femur. H. S., a man, aged 19, 
was referred to us by Dr. H. Hallarman of New York, April 23, 1920. The 
family history was negative. Four months before the patient had fallen but did 
not recall distinctly that he had injured the right knee. One month later he 
noticed pain in the right popliteal space, which was treated with local applications 
on the assumption that it was of rheumatic origin. Two weeks later he noticed a 
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rhages of the scalp or bleeding from the external ear canal. In addition, 
lateral fractures usually involved the motor cortex in various ways and 
thus produced striking neurologic signs, while anterior and posterior 
fractures, even when severe, tended to involve the silent areas of the 
brain and only occasionally elicited a definite neurologic phenomenon. 

In general, with the exception of such outspoken indications as com- 
pound or depressed fractures, patients with the anterior and posterior 
group of lesions did not require operation in the normal course of 
events. They seemed either to cause complications which were almost 
incvit.ably fatal or else to be accompanied by such slight intracranial 
lesions that the patient recovered spontaneously. 

I-atcral fractures displayed these same characteristics to a certain 
extent, but at the same tijne produced a large number of intracranial 
injuries which were amenable to a craniotomy, but which invariably 
proved fatal if left .alone. Accordingly, lateral fractures formed the 
vast majority of those in patients subjected to craniotomy. 


SU.M-MARy 


1. A mttnher of clinical records were collected, and the reaction of the 
patient to the fracture of the skull during life was studied. 

2. Many patients were admitted to the hospital in a moribund condi- 
tion or lingered for several days in the hospital, finally dying of suppura- 
tive meningitis, pneumonia or sepsis. They were cases not suitable for 
Operation bcciusc of the patients’ poor physical condition .and because 
<jf the absence of .^gns which indicated a specific condition that would 
be alleviated b}' craniotomy. 

3. .Sixty-one c.ascs were studied in some detail. They were arbitrarily 
sepnnited info the following c.-itcgorics : (1) patients on whom a crani- 
otomy had been performed, thirty-four; twenty-three of these patients 
<licd and eleven recovered; (2) patients recovering under expectant 
treatment. twenty-.«even. 

A. P.'Uients treated by craniotomy were subjected to mther rigid 
physic.il cxtiminavion l>e{ore the procedure was attempted. It was first 
luces-arv to tletermine the ]>robablc location of the skull fr.acture by a 
careful consideration of the hi.«tory of the case, the observ’ations elicited 
on clinic:il examination, the appearance of the spinal fluid, the types of 
external ininries present, and by roentgen-ray cx.amination. 


1 hen it was necessar}* to detennine whether there were signs of an 
i!3tr:icr:in!:jl condition that made craniotomy advisable. In the thirty-four 
patu-ni'; oj.t rated on. three indications for operations were discovered: 
i.j'f cmpMmd or <Iepre^ved fractures of the skull (three patients died 
seu n recovered ) : t !’ ) the }>rcsence of definite intracrani.al tension, 
e^<.ec:r.’i!y if tlie •e>i,.n c:;n<ini: the trouble could l>e dennitelv legalized 
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by neurologic examination (twenty patients died and three recovered), 
and (c) the presence of a disabling paralysis on one side (one patient 
recovered) . 

6. The twenty-seven patients who recovered under expectant treat- 
ment were all practically over the acute effects of the injury in from 
twenty to twenty-four days after the trauma. As a rule, they displayed 
only moderately severe symptoms of cerebral concussion and com- 
pression. The fracture was located by the roentgen-ray examination 
in twenty-four cases, through a compound fracture in two instances, and 
by -subcutaneous emphysema of the frontal region in one. The neu- 
rologic examination and other signs were never definite enough to justify 
a craniotomy. 

7. The patients who recovered were followed up for variable periods 
until it was felt that. they had definitely recovered from the' results 
of the fracture or until they disappeared from observation. 

(a) The eleven patients who recovered under operation showed a 
variety of phenomena. Some were practically without after-effects or, 
at the most, displayed indefinite symptoms, such as headache or vertigo. 
One man developed a low grade psychosis. Four patients, however, had 
some definite disability, such as the loss of sight in one eye in one case, 
motor aphasia in another case and definite weakness in one leg in two 
instances. The motor disabilities improved but did not disappear entirely. 
(&) Most of the twenty-seven patients recovering under expectant treat- 
ment did not show any severe after-effects, except vague symptoms of 
headaclie, dizziness, and the like. A few, however, had minor disabilities 
which could be attributed to definite lesions. Six were permanently 
deaf on one side, while one man showed a disturbance of the sense of 
smell. 



1102 


ARCHIVES OF SURGERY 


As both the physical signs and the roentgen-ray interpretation were suggestive 
of a thickened pleura or encapsulated fluid at the right base, a thoracentesis was 
performed, but it was without result. Operative exploration was advised, but was 
refused by the patient, and she was discharged with the diagnosis resting between 
a localized empyema and a lung abscess with pleural involvement. 

She was seen again in November, 1923, sixteen months later. Her condition 
had not changed, and further roentgen-ray studies showed the same obliteration 
of the cardiohepatic angle. She was again discharged untreated. 

Case S. — ^F. L., a youth, aged 19, first seen in June, 1922, was referied from 
the United States Public Health Service with a diagnosis of bronchiectasis. His 
history included typhoid fever at the age of 10, lobar pneumonia at 15 and again 
eight months before the onset of his present illness, the removal of adenoids at the 



Fig. 9 (case 4). — ^Atelectasis of the right lower lobe with chronic suppuration. 

age of 9 and a tonsillectomy at the age of 16. He had not had any noteworthy 
cardiorespiratory symptoms before the present illness. 

In 1921, the patient was stationed at an army flying field in Texas. His health 
was excellent until September of that year when, as a result of a “nervous break- 
down” from overwork, he was placed in the camp hospital. After three weeks, 
he developed a “cold” accompanied by a cough and the expectoration of consider- 
able watery, frothy sputum. This cough continued for some weeks, and he was 
finally discharged from the army in November because of “bronchitis.” Returning 
to his home in Massachusetts, he remained for some time under the care of his 
family physician, and then entered a government hospital. During this period he 
raised approximately a cupful of slightly foul sputum a day. Careful studies were 
conducted to rule out tuberculosis. After several months of observation, during 
which he showed periods of remission followed by a return of symptoms, he was 
referred to the Massachusetts General Hospital. 

On examination he presented evidence of loss of weight and strength; the 
breath was foul and there was definite clubbing of the fingers and toes. The right 


LOBAR ATELECTASIS IX CHRONIC PULMONARY 

SUPPURATION * 

EDWARD D. CHURCHILL, M.D. 

AND 

GEORGE W. HOLMES. M.D. 

nOSTON* 

(Jhservniiotis on in.assive colLip^e of ibc lung and on other clinical 
conditions jjrescnting extensive atelectasis enable us to ofter a more 
complete description of the characteristic roentgen-ray shadow cast Iw a 
sin^de atelectatic lower l(»be. and to call attention to its association with 
certain cases of chronic ptjlmonarv suppuration. Lobar atelectasis has 
been identified by Manges ' through roentgen-ray observations in cases 
of obstruction of the air ])assage.s by foreign bodies. It has been 
observed in jiosttiperativc mas.sive atelectasis of the lung by Jackson and 
Lee " ami by Churchill." 


Ror.NTCF.X-UAV OllSKRVATIOXS IX 1-ORAR ATELECTASIS 

A deflated lobe of the lung is commonly pictured as a small puckered 
mass retracting to the hilum by means of a bellows-Hkc shortening of 
the bronchi. This is what happens when the deflation occurs as the 
result of pnetimothorax or pleural effusion*, but when it is produced 
by bronchial obstruction in a chest with an intact pleural cavity, a 
different jiicture. is presented. 

The shape which a deflaic<l or atelectatic lobe takes in the latter 
case i> molded to conform to the adjacent lobes and structures ami 
i'' <leterminetl by its inherent elasticity. The characteristic outline of 
.an .’iieleci.'itic lobe has already been demonstrated * by a roentgenogram 
of an auKtjisy specimen after its removal from the body. The shape 
a'-'-nmed by a collapsed lower lol>e is roughly that of a right-angled 
triangle, the base of which rest.' on the diaphragm. The ape.v is held at 
the hilum by bmnchi.al attachments, and the hyjwtenuse show.s as a 
sharply defined birder which e.xtends from the hilum to the diaphragm 
ne.ar the co'tophreiiic angle. 

-Mthi'Ugh the ca'e> of postoperative massive atelectasis usuallv 
de'crihed 'how ijivulvenient of an entire lung, certain case-' with a 
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lobar distribution of the collapse have been observed. The roentgeno- 
grams of two such cases have been reproduced in a previous paper by 
one of us. In the first case there described,® the lobar collapse per- 
sisted as a residual condition after the other lobes were reinflated; in 
the second case,® the collapse when first observed was confined to the 
lower lobe. 

It has been shown by Jackson and his co-workers that although the 
lodgment of a foreign body in a bronchus may produce hyperinflation 
under certain circumstances, complete obstruction causes deflation of 
the portion of the lung to which the bronchus is contributory. There 



Fig. 1. — ^Atelectasis of the right lower lobe from the impaction of a meat bone 
in the bronchus. 

may also be an attendant “drowning” of the lung and bronchial tree 
by the retained secretions. The roentgenogram reproduced in figure 1 
shows a patient with a meat bone impacted in the bronchus of the right 
lower lobe. It shows the characteristic shadow of lobar collapse. 

A tumor of the bronchus may by its growth so occlude the lumen as 
to produce complete atelectasis of a lobe. The roentgenogram repro- 
duced in fig^ure 2 is that of a patient with a primary squamous cell 
carcinoma obstructing the bronchus to the right lower lobe. The diag- 
nosis was made on the basis of the history- and roentgen-ray observations 
and confirmed b}’- a bronchoscopic examination by Dr. D. Crosbie Greene. 
As in cases of massive collapse of the lung, the shadow of the collapsed 

5. Churchill, Edward D. (case 1, fig. 2). 

6. Churchill, Edward D. (case 2, figs. 3 and 4). 
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The patient made an uneventful recoverj' and was discharged unrelieved, with a 
diagnosis of bronchiectasis. 

Case 6. — ^L. D., an Italian girl, aged 9, complained of having had a mild, 
unproductive cough for six months. During this period she had also had an occa- 
sional pain in the chest and night sweats once or twice a week. Three months 
before admission to the hospital, she was awakened by a slight cough and found 
her mouth full of bright red blood. When a second hemorrhage of the same type 
occurred, she was brought to the hospital. 

The child was undernourished and showed a slight secondary anemia. She 
held her head toward the left, apparently due to a spasm of the sternomastoid 
muscle. The left side of the chest was less prominent than the right but’ showed 
good expansion. There was relative dulness throughout the left side of the chest, 
growing more marked toward tlie base. The breath sounds on the left became 
bronchial and more distant from the ear as the base was approached. Just beside 
the spine at the base the breath sounds were close to the ear. There was marked 



Fig. 11 (case 6). — ^Atelectasis of the left lower lobe with chronic suppuration. 
The arrow indicates the border of the lobe which lies behind the heart shadow by 
which it is nearly obscured. The displacement of the heart toward the affected 
side aids in the diagnosis. 

clubbing of the fingers. Examination of the sputum failed to show tubercle bacilli 
and the Pirquet reaction was negative. 

Roentgen-ray examination showed a high diaphragm on the left, which was 
limited in its excursion. A triangular area of dulness with a sharply defined 
border was detected behind the heart. This was interpreted as a localized destruc- 
tive process near the root and base of the left lung, probably an abscess. 

The child was kept under observation for two weeks, during which time her 
temperature was constanth' elevated. A later examination of the chest proved 
that the small area of egophony and loud tubular breathing beside the spine at tlie 
left base disappeared on quiet respiration, only to reappear on coughing or with 
deep inspiration. This suggested intermittent bronchial obstruction. No notable 
change took place during her stay in the hospital, and she was discharged 
untreated with a diagnosis resting between chronic bronchopneumonia and lung 
abscess. 


1095 


cn VRCUILL-IIOLMES—LOBA K A T ELECTA S I S 

lobe obliterate? the cardiophrcntc angle, its upper border extending as a 
.<.liari)ly defined line from the diaphragm to the hilum. 

These obsen-alion?, supported by further evidence obtained from the 
case? to follow, make it aitparcnt that an atelectatic lower lobe appears 
in the roentgenogram as a triangular opacity which obliterates the 
cardiophrenic atigle on the right, but is largely obscured by the shadow 
of the heart on the left. The apex of the triangle lies at the hilum, 
and the hypotenuse extends outward and downward either to merge 
with the shadow of the diajdiragm or to meet the chest wall near the 
coslophrenic angle. 



KKI'OKT OK CASKS 

l\ocutgen-rny examination in the following cases of chronic broncho- 
pulmonary su])j>uration showed the shadow of a defiated lower lobe. 

^ I — 1'- J'-. a pirl, nped 18. with an uneventful hi'.tory, l>ccanic ill on 
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' Examination showed that she was fairly well nourished, with a foul breath 
and an almost constant cough. There was definite clubbing of the fingers of both 
hands. Over the back of the right side of the chest, there was dulness from the 
angle of the scapula to the base. The breath sounds were bronchial at the top of 
this area, but absent at the base. There was egophony from the angle of the 
scapula downward. Vocal and tactile fremitus were increased in this region, and 
rales were not evident. The sputum was negative for tubercle bacilli, and bac- 
teriologic examination showed it to be more suggestive of bronchiectasis than of 
lung abscess. 

Roentgen-ray examination of the chest (fig. 3) showed evidence of “consolida- 
tion at the right base involving the entire lobe." Evidence of cavity formation 
was lacking. The heart was displaced toward the affected side. ' These observa- 



Fig. 3 (case 1). — ^Atelectasis of the right lower lobe with chronic pulmonary 
suppuration following postdiphtheritic paralysis. 


tions at tlie time were thought to be consistent with an obstruction of the bronchus 
by a foreign body, pneumonic consolidation or abscess formation. 

An operation was performed by Dr. Wyman Whittemore on June 19. The . 
pleural cavity was found to be free from adhesions, with the exception of a few 
fibrous bands between the lower lobe and the diaphragm. The right lower lobe 
was small, of firm consistency and a dusky blue. The upper lobes were of normal 
appearance. At the first operation the lower lobe was walled off from the pleural 
cavity; following its removal a week later, the patient died. 

Bronchial obstructions were not found in the excised lobe. The bronchi were 
filled with purulent exudate, and their walls were described as dilated^ and sur- 
rounded by round cell infiltration. 

7. A statement that a bronchus is dilated should be based on a consideration 
of the diameter in relation to tlie distance from the hilum, and not in relation to 
the proximity of the pleural surface or of other bronchi of similar diameter when 
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This evidence leads us to believe that deflation of a portion of the 
lung may in itself be. a causal factor in the development of a chronic 
suppurative process. Such deflation has been observed most commonly 
with the lodgment of a foreign body in a bronchus, but we believe that it 
may also find origin in the so-called massive collapse of the lung. 
Atelectasis and fibrosis develop subsequent to the occlusion of a branch 
of the pulmonary artery, as has been shown experimentally by 
Schlaepfer.® We have observed here one instance in which chronic 
pulmonary suppuration developed following a postoperative infarction, 
apparently through these changes rather than through necrosis and 
sequestration of the involved area. None of the clinical cases cited 
here gave a history suggesting the occurrence of a postoperative pul- 
monary infarction of such magnitude. 

As the cough and sputum of these patients are apparently due to 
intrabronchial stagnation in an area of lung which is already deflated, 
it would seem illogical to employ therapeutic measures which are 
designed to act by further compression, such as pneumothorax or 
thoracoplasty. If our concept of the pathologic process is correct, it 
would seem reasonable to treat these patients by bronchoscopic drainage 
in an attempt to obtain reexpansion, and if this method fails, by actual 
resection or destruction of the involved lobe by cautery. It is of interest 
to note that the patient in case 2 continued to raise over a pint of sputum 
a day, although the involved area of lung was compressed by the massive 
hydrothorax which complicated the therapeutic pneumothorax. In 
case 3 the alleviation of symptoms was greatest following the reexpansion 
of the lung after the pneumothorax treatment was discontinued, and the 
final roentgen-ray examination showed reexpansion of the involved lobe. 

SUMMARY 

The roentgen-ray observations in lobar atelectasis are described. 

Six cases of chronic pulmonary suppuration are presented which 
show lobar atelectasis. 

This association may be explained either as atelectasis secondary to 
a focus of pulmonary suppuration, or, as we suggest, as chronic intra- 
bronchial stagnation superimposed on a primary atelectasis. Such 
primary lobar atelectasis is found in the so-called massive collapse of 
the lung, and four of our six patients date their symptoms from inci- 
dents known to be commonly associated with this disorder. 

8. Schlaepfer, Karl: Ligation of pulmonary artery of one lung with and 
without resection of phrenic nerve. Arch. Surg. 9:25 (July) 1924. 
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Cask 2.~M. I)., an Italian ynutli, airctl IS, gave a history of doahlc pncnnionia 
at the age of 5. He had been in bed for three months during a prolonged con- 
valescence. and since that time had Ikcij subject to colds and bronchitis, par- 
ticularly in the witner. He d:itctl his cough and sputum, however, to a serious 
tllne‘-s hdlowing an attack by lw»i dogs five years before coming to the hospital. 
He was severely bitten al)out the buttocks and on the Ixidy, and was confined to 
bed for several weeks. 

He was first examined in May. V)22, when he complained of a productive 
cough. There were musical rales at the kises of Ivnh lungs, aitd physical exami- 
nation revealed that the cardiohepatic angle was rdditcraied. In Dcccmlwr of the 
same year, he contracted a severe cold .attended by an increase in the cough and in 



I'U’ 4,'-- .\iih-cia*iv of the riglu lower lobe with chronic pulmonary 
ti.-n u-.oe 2) The «li-pl.icenient oi ihe heart to tlie affected side more marked 
than n'ual. 
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CONGENITAL DEFORMITIES 

Congenital Dislocation of Hip . — ^From a study of 349 cases of con- 
genital dislocation of the hip, Engelmann ^ is led to the conclusion that 
heredity plays a large part in the etiology. He describes the architectural 
similarity which he found in the pelvic bones of different members of one 
family, and he believes that the bony features which conduce to mechani- 
cally weak joints may likewise be transmitted to descendants. In 253 
cases he was able to demonstrate, in addition to the dislocation of the hip, 
other congenital lesions, most frequently clubfoot. 

Ryerson * believes that much of the difficulty in maintaining reduction 
of the hip in infants after manipulation may be avoided by the use of 
removable celluloid casts. These are not affected by the contamination 
of urine and feces, may be w’ashed, and possess other obvious advan- 
tages over plaster. 

Adams ® describes the obstacles to reduction which were found at 
operation in a case of bilateral dislocation of the hips in which manipu- 
lative reduction had previously been attempted without success. On one 
.side a strong transverse band was found in the front of the capsule, 

* This Report of ProRress is based on a review of 349 articles selected from 
442 titles dealing with orthopedic surgery appearinR in medical literature 
between July 24, 1926, and Nov. 7, 1926. Only those papers that seem to repre- 
sent progress have been selected for note and comment. 

1. Engelmann: Zcntralbl. f. Chin 51:3242. 1926. 

2. Ryerson, E. W.: J. Bone & Joint Surg. 8:517 (July) 1926. 

3 . Adams. Z. B.: J. Bone & Joint Surg. 8:507 f July) *1926. 
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The patient -lost weight and strength steadily during the next five months. 
A roentgenogram (fig. 4) showed marked dulness in the lower portion of the right 
part of the chest, with a sharply defined upper border extending downward and 
outward from the hilum to the axillary margin, obliterating the shadow of the 
diaphragm and the outline of the right border of the heart. This appearance was 
thought to be due to a chronic destructive process involving the right lower lobe 
and causing retraction of the heart and mediastinum to the right. It was remarked 
that occlusion of a bronchus might produce such a picture. 

When he was admitted to the hospital in August, 1923, he was raising from 6 to 
15 ounces of foul green sputum a day. On examination this showed many influ- 
enza bacilli, intracellular , and extracellular; diphtheroid bacilli and a few intra- 
cellular streptococci. Repeated examinations failed to show tubercle bacilli. 



Fig. 5 (case 2). — ^Injections of iodized oil, showing the saccular dilatation of the 
bronchi of the collapsed lobe in the presence of a therapeutic pneumothorax. 
(Injection mass traced with ink.) 

Examination of the chest showed that the heart was displaced to the right. 
There was dulness in the lower portion of the chest with increase of fremitus and 
bronchial breathing. A diagnosis of bronchiectasis was made after a prolonged 
study to rule out tuberculosis. 

Artificial pneumothorax was induced by Dr. Balboni and increased by refills 
until the lung was completelj- collapsed. As the lower lobe remained in contact 
with the diaphragm in its inner half, it is probable that there were some adhesions 
in this region. There was a reduction in the amount of sputum for a few months, 
but later the patient began to raise about 10 ounces a day. The amount of sputum 
continued the same, even when a complicating pleural transudate almost filled the 
right part of the chest. The fluid was aspirated from the pleural cavity many 
times, and unsuccessful attempts were made to reexpand the lung with view to a 
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and this had to be divided before the hip could be reduced. On the other 
side, bands were found along the inferior portion of the acetabulum, 
possibly representing a thickened cotyloid ligament. When this band 
was divided, as well as the reflected tendon of the rectus muscle, the hip 
was easily reduced. The postreduction roentgenograms showed both 
femoral heads deep in their sockets. 

Galloway ^ reports the results of thirty-eight cases of congenital dis- 
location of the hip treated by open operation. He feels that the open 
operation is simple, safe, and reliable, particularly in children under 3 
years of age, who have never been subjected to treatment by manipula- 
tion or otherwise. He classifies his results as follows: cured, 15; good 
results, 18 ; doubtful results, 5 ; known failures, none. The oldest child in 
this group was years old, and the youngest 17 months; none of them 
had been subjected to previous attempts aft manipulative reduction. The 
author emphasizes particularly that the ideal age for the open operation 
is from 20 months to 2 years, and that the disturbance of the tissues by 
previous unsuccessful manipulative efforts renders the complete success 
of the open operation much more doubtful. 

Balensweig ® reports the end-result in a case of congenital dislocation 
of the hip in a girl, aged 13. After preliminary traction for three 
weeks, an open operation was performed. A new acetabulum was made 
in the upper half of the old shallow acetabulum, the head was reshaped 
and placed in the new socket. One year later, the patient showed satis- 
factory function; the shortening was reduced from 2j4 inches (6.27 cm.) 
to lj4 inches (3.1 cm.) ; there were 55 degrees of motion in flexion; 10 
degrees of abduction and 15 degrees of internal rotation. 

[Ed. Note. — The orthopedic world has for some time been looking 
forward to the publication of end-results in the treatment of congenital 
dislocations of the hip by Galloway, the apostle of open reduction. The 
figures which he gives are impressive. There are no failures, and all 
results are classed as good with the exception of five, which, because they 
cannot yet be definitely appraised, are classified as doubtful. The group 
is small when compared with some other groups of end-results that have 
been published, but we know of none so large without any failures. It 
is to be noted that the age of the group varied from 17 to 30 months, and 
the point particularly stressed is absence of previous attempts at reduc- 
tion. The results are less good when operation is performed only after 
manipulative failure. The absence of mortality attests the skill of the 
operator. It seems to us that Galloway’s results support his contentions 
and that they constitute a challenge to the advocates of manipulative 
reduction.] 


4. Galloway, H. P. H.: J. Bone & Joint Surg. 8:539 (July) 1926. 

5. Balensweig, I.: J. Bone & Joint Surg. 8:534 (July) 1926. 
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Congenital Absence of the Tibia . — Congenital absence of the tibia is 
one of the rarest congenital malformations and the rarest malformation 
of the lower limb. According to Evans and Smith,® the number of 
recorded cases is now 105. Absence of the tibia is rather more com- 
monly total than partial, unilateral than bilateral, and right-sided than 
left-sided. Other abnormalities are frequently associated, but rarely is 
there any evidence of fetal disease. Disarticulation at the knee, followed 
by the application of a peg leg or artificial limb, the authors believe, is 
the best line of treatment. Conservative operations are indicated only 
in cases of partial defect, when the gap is small and limited to the middle 
portion or distal end of the tibia. 

[Ed. Note. — ^Although disarticulation at the knee usually gives a 
less satisfactory functional result than amputation above the femoral 
condyles, in this type of case it would appear to be the operation of 
choice on account of the necessity of saving the lower femoral epiphysis 
for the sake of growth. If necessary, reamputation can be performed 
after the patient reaches adult life.] 

TUBERCULOSIS 

Paraplegia with Pott’s Disease . — Sorrel and Sorrel -Dejerine ^ have 
made a study of forty-two cases of paraplegia caused by Pott’s disease in 
children and adults. On the basis of the clinical picture and the evolution 
of the disease, they were able to distinguish three different types of 
paraplegia. The first is the transient type, which clears up in a few 
weeks or months. It is of rare occurrence. The second type is also 
curable, but may persist for from eighteen to twenty-four months. It 
appears at an early stage of the tuberculous spondylitis, the development 
of the paraplegia is rapid and complete, and the clinical picture appears 
grave. Nevertheless, with proper treatment the paralysis disappears 
without any sequelae. The third form is an incurable paraplegia and 
appears as a late complication, often three years after the onset of the 
disease. It develops slowly and is never complete. It is compatible 
with a long existence. Tlie curable forms are observed in adults as well 
as in children. They are induced by intraspinal abscesses, while the 
incurable fonn is the result of an external pach}Tneningitis, which causes 
so much destruction in the spinal cord that restoration ad integrum is 
impossible. The transient type of paraplegia is probably caused by 
edema of the dura mater witJiout the formation of an abscess. The 
authors consider the prognosis more grave in a paraplegia starting with 
a mild clinical picture than in one with severe and rapidly developing 
manifestations. 


6. Evanf. E. L.. and Smith, X. R.: Arch. Dis. Childhood 1:194 (Aug.) 1926. 
/. .^orrcl. K.. and SorrcJ-DcJerine : Presse med. 34:7R5 (June 23) 192fi. 
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Fig. 7 (case 3). — After a partial pneumothorax. The outline of the affected 
lobe is thrown into relief by the surrounding air. The upper arrow denotes the 
border of the partially collapsed upper lobes, which show a noteworthy difference 
in density in contrast to the lower lobe. 



Fig. 8 (case 3). — After discontinuance of the therapeutic pneumothorax. The 
cardiophrenic angle is still haz}*, but both the right border of the heart and the 
entire extent of the diaphragm are visible. 
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A pathologic study of four specimens of tuberculous disease of the 
spine with abscess, recovered at autopsy, has convinced Willis ® that the 
lesions of the vertebrae are more extensive than has been. claimed. In 
addition to the destruction of the bodies of the vertebrae, there is fre- 
quently involvement of the articular and transverse processes. There 
may be diffuse extension of the disease without any kyphosis or other 
deformity. Coexistent with extensive destruction of bone, there may be 
an appearance in the roentgenogram of merely superficial erosion. Pro- 
ductive changes in the bone are to be found in active lesions as well as 
in old healed spines. He urges the necessity for a thorough roentgen- 
ray examination and a search for multiple lesions. 

Eiid-Results of Tuberculosis of the Knee Joint. — Martens® has 
made a study of 211 patients with tuberculosis of the knee joint who 
were treated during a period of ten years at the surgical clinic in 
Goettingen (Stich). Eighty-nine patients were treated without opera- 
tion, 105 patients had resection of the knee, and in eleven cases primary 
amputation was performed. The nonoperative treatment consisted of 
fixation by plaster casts, and, in certain cases, of aspiration and the 
injection of iodoform. Of the patients so treated, eighteen were cured 
with restoration of good function, six were cured without ankylosis, and 
twenty-one showed poor results. Of the cases of resection, eighty-eight 
patients were cured, although some required second operations ; twenty- 
four patients were not cured, underwent secondary amputations, or died. 
The late results were good in sixty-four cases and poor in eleven cases. 
Only six patients showed shortening of more than 5 cm. after the 
resection. The percentage of cures is 77 per cent. He concludes that 
the decision as to whether a patient should be treated operatively or 
nonoperatively is an individual problem which must be settled on its 
merits in each case. 

[Ed. Note. — Wg note that a much higher percentage of end-results 
was obtained in the cases in which there were operations than in the 
cases in which operations were not performed. One cannot, therefore, 
make an accurate comparison between the two groups. It is also to be 
suspected that the diagnosis may have been in error in a certain number 
of the eighteen cases in which the patients are reported cured with good 
function.] 

A^czv Method of Hip Function for the Treatment of Tuberculosis of 
the Hip Joint . — Hibbs describes a new method for extra-articular 
fusion of the hip joint. The essential feature of this method is a trans- 
position of the trochanter so that it makes contact with the ijium above 

8. Willis, T. A.: Surg. Gj'ncc. Obst. 43:285 (Sept.) 1926. 

9. Martens, Fr. : Beitr. z. klin. Chir. 135:631, 1926. 

10. Hibbs, R. A.: J. Bone & Joint Surg. 8:522 (Julj') 1926. 
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swelling on the outer aspect of the femur just below the knee joint; this steadily 
increased in size. The pain became verj' intense necessitating two treatments with 
small doses of radium before the patient was admitted to the hospital. 

Physical examination at the time of his admission to the Hospital for Rup- 
tured and Crippled showed enlargement of the lower end of the fcitiur most 
marked in the region of the outer condj'le, extending to the popliteal space and 



Fig. 53 (case 121 in table 7). — Periosteal sarcoma of shaft of fi-raur of umt-ttal 
malignancy. Roentgen-ray treatment was given for si.\ week-; ainj'utation 
followed by inelastases in four weeks. 


upward for a distance of 3 inches (7.6 cm.). It was apjorcr.tly i>f !• r;;,- crie.'::, 
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early J’. when a slight increase in the size of the tumor was noticed. He was 
transfei ^ \i to the Memorial Hospital, where the radium pack was applied, a total 
of 20,958 millicurie hours over two areas at 6 cm. distance. 

He returned to the Hospital for Ruptured and Crippled and the toxins were 
resumed in doses up to 24 minims without marked reaction. While the tumor 



Fig. 54 (case 121 in table 7). — Periosteal sarcoma of shaft of femur. 

showed some diminution in size, the improvement was only temporary, and it again 
began to increase. There was considerable synovitis, and the roentgen rays 
showed an extension of the disease higher up in the femur with an increase in 
thickness and greater destruction of the dense tissue of the bone itself. The 
patient finally consented to an amputation, which was performed by one of us, 
just below the trochanter, in August, 1920. 

Microscopic examination was made by Dr. F. M. Jeffries, who reported pen- 
osteal neoplasm, apparently originating in the popliteal region and extending nearly 
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and with the femur below, securing continuity of periosteum. He reports 
the results in the first twenty cases ; eighteen of these patients have deft- 
nite fusion, shown by physical and roentgen-ray examination. The ages 
of the patients vary from 4 to 31 years ; the first was operated on April 5, 
1923. The average duration of the disease before operation was eight 
and one-half years; the shortest, six months; the longest, twenty-six 
years. The one death was that of a man, aged 21 ; he died nine months 
after operation from miliary tuberculosis. These hventy patients had 
been treated at the New York Orthopedic Hospital for an average of 
six years, and some had been treated for years in other hospitals. Six 
had been treated at the country branch for periods of from three to 
seven years. In cases of severe flexion and adduction deformity, this is 
not corrected at the time of the operation. Subtrochanteric osteotomy 
was performed in one case and may be necessary in others, but not until 
the extra-articular fusion is complete. 

POLIOMYELITIS 

A Milk-Borne Epidemic. — Knapp, Godfrey and Aycock^^ have 
made a study of an epidemic of poliomyelitis which occurred in the city 
of Cortland, N. Y., the circumstances of which pointed strongly to a con- 
tamination of milk supply as the cause. From Dec. 14, 1925, to Dec. 25, 
1925, eight cases developed. These were the first to occur subsequent 
to the appearance of three cases more than two months before. All the 
patients were found to have consumed milk from the same dealer. On 
December 7, seven days before the onset of S}Tnptoms in the first 
patient of this group, a 16-year old boy who was working on the dairy 
farm milking the cows and handling the milk, became ill with poliomye- 
litis. The time which elapsed between the first mild appearance of his 
symptoms and the development of the later cases is consistent with the 
generally accepted minimum and maximum incubation periods of polio- 
myelitis. While this outbreak points strongly to transmission through 
the milk, the authors are not of the opinion that this is the usual mode 
of spread of the disease. 

The Kansas City Epidemic of 1925. — Diveley,'- in reporting the 
epidemic of infantile paralysis of 1925 in Kansas City, states that fifty- 
one cases had been reported after the lapse of four months. Of these, 
seventeen, or 33 per cent, died; two, or 4 per cent, recovered without 
residual paralysis, and nineteen, or 37 per cent, showed paralysis of 
vaiying degrees, and all the latter group have residual paralysis at the 
present time, about 50 per cent reporting improvement, Diveley feels 
that the patients treated with Rosenow’s serum showed a more rapid 

11. Kn.npp, A. C; Godfrey, E. S., and Aycock, W. L.: Outbreak of Polio- 
™ •'I’P^rcntly Milk Borne, J. A. M. 87:635 (.Aug. 28) 1026. 

1-. niveley, R. L.: J. Mi.«!souri M. A. 23:237 (Tulv) 1926. 
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Pulsating Tumors in Alessandri reports his observations 

on three cases of pulsating tumors of bone and one nonpulsating tumor 
caused by metastasis from hypernephroma. He has collected from the 
literature additional cases to make ninety-two in all, of which eighty-six 
were hypernephroma and six were tumors of the suprarenal capsule. His 
conclusions are as follows: 1. Metastases in the skeleton may come from 
neoplasms of various organs, but the most common are from epithelial 
tumors of the breast, prostate, thyroid and suprarenal gland. 2, Pulsa- 
tion sometimes occurs in metastatic tumors from the thyroid, but more 
frequently in those from the suprarenal gland. Eighteen of these have 
been observed. 3. In thyroid tumors the metastases may be e.xclusively 
in the skeleton and may be single. The metastases frosn suprarenal 
tumors may also be single. 4. In suprarenal tumors the metastases may 
appear early, even before the most careful e.xamination reveals any tumor 
in the region of the kidney. 


STRAIX OR PAIXS IX THE BACK 

Role of the Lumbar Ligaments in Back Strain. — ^Lowman,^® writing 
of the iliolumbar ligaments of the spine, points out that these structures, 
aside from exerting a lateral, stabilizing effect, are also suspensory in 
function and act as a second line of defense in protecting the back from 
undue strain. If there is any failure of the sacro-iliac ligaments to sup- 
port that joint, there must occur increased tension on all the other struc- 
tures involved in supporting or stabilizing the spinal column. In the 
lilting forward of the pelvis on one side or the other, with a sudden 
twisting strain, the stress thrown on one of the iliolumbar ligaments is 
sufTicicnt to produce a sprain, the S3-mptoms being severe pain in the 
back and lateral deviation of the spine. In patients with hollow back 
and with the sacriun tilted forward, it can be readily seen that the 
.sacrum bears less weight and these ligaments more because of their 
direct suspensoiy' function. Evidence of the strain which these ligaments 
bear is to be found on roentgen-ray examination in the spur formation 
and calcification of these tissues. 

Traumatic Spondylolisthesis. — ^Hemy’®" reports three cases of trau- 
matic spondyloHsthc.';is, in which the patients dated their symptoms back 
to falls, seven'll j'cars previous, in which thc\’ landed in the sitting posi- 
tion, They returned to work within a few weeks after their accidents, 
but complained of pain originating at the time of injuiy. Henry .states 
that the tour cardinal sipis of spondyloHthesis arc: (1) a prominent, 
vertically placed s.acrum: (2) a palpable, visible hollow above the .^lac- 
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recovery, and that the paralysis was not so profound or so extensive as 
in the untreated patients. The effect of spinal drainage on the acute 
symptom's was almost phenomenal, the. symptoms disappearing for' the 
most part a short time after the drainage and appearing only when the 
spinal pressure again rose above normal. The death rate in the series 
of patients who were treated was much smaller than that in the group 
of untreated patients. There was a glycosuria and hyperglycemia in a 
large percentage of the cases, thus substantiating the point made by sev- 
eral observers that this infection has some effect on the carbohydrate 
metabolism, the mechanism probably being an inflammation of the pitui- 
tary bodies. Diveley advises as the best treatment strict isolation, early 
and repeated spinal drainage to keep down abnormal pressure, and 
serum, either human or the immunized horse serum of Rosenow, given 
immediately after the spinal drainage, either intravenously or intra- 
muscularly, depending on the severity of the symptoms. 

SYPHILIS OF THE BONE 

Dillingham and McCafferty^® describe three cases demonstrating 
various phases of syphilis of the bone. One patient showed an early 
syphilitic ’'periostitis. The second presented a syphilitic osteomyelitis of 
the cortical bone and a thickening of the periosteum with destruction of 
the soft parts overlying the clavicle. The third was one of extensive 
osteomyelitis, with thickening of the cortex and a definite periostitis 
with evidence of sinus formation and sequestrum. 

PYOGENIC INFECTIONS 

Acute Hematogenous Osteomyelitis. — ^Krasnobaew,^* in discussing 
the subject of acute osteomyelitis, said that to him the importance of the 
problem arose from the great number of patients whom he had had to 
treat in his service during the twenty-one years from 1904 to 1925. The 
total number of cases was about 600, of which 428 were acute. From 
a careful study of the cases and of his results, he arrives at the following 
conclusions : 

1. It is of special importance to consider the general condition of the 
patient, to take account of his vitality, and to have the greatest care for 
the tissues involved. 2. In the severe cases of acute osteomyelitis it is 
necessary to avoid, in the first stage of its evolution, all operations 
requiring general anesthesia. 3. Too radical treatment in the first stage 
of acute osteom 5 "elitis is not only useless, but dangerous. 4. In the first 
septic period of osteom 3 'elitis it is necessary to refrain from doing more 
than opening the abscess as early as possible by incisions reaching to the 

13. Dillingham, F. H., and McCafferty, L, K. : Am. J. Syph. 10:373 (July) 
1926. 

14. Krasnobaew, T.: Chir. d. org. di movimento 10:537, 1926. 
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rum; (3) a sharp lordosis of the lower lumbar spine, and (4) limitation 
of extension in the lumbar spine. In all three of Henry’s cases a fusion 
operation was performed on the spine. All the patients made a good 
recovery, and get along well at present, although they must avoid heavy 
lifting, bending and stooping. 

Bone Graft for Sacro-Iliac Fixation . — ^Verrall describes a new 
method for fixation of the sacro-iliac joint by means of a tibial bone 
graft. The graft is driven through drill holes' in the posterior iliac 
spines and crosses transversely at the back of the sacrum, its middle por- 
tion coming in contact with the base of the second sacral spinous process 
and lying under the erector spinae muscles. The author has performed 
the operation in four cases, with satisfactory results. The first two 
patients were treated on plaster beds for five and three months, respec- 
tively. In the third case a spinal frame was used for the after-treatment, 
and in the last case no splint was used at all. 

[Ed. Note. — ^The operation appears less sound from the mechanical 
and physiologic standpoint than other operations now in use.] 

MISCELLANEOUS 

Osteomyelitis Variolosa . — ^The occurrence of lesions of the bone in 
smallpox has been pointed out from time to time by various writers, but 
such lesions have been observed heretofore only in the late stages. It has 
remained for Huenekens and Rigler ®° to record the changes in the acute 
period. They report the case of a child ill with smallpox who also pre- 
sented a picture of acute polyarticular arthritis. The joint symptoms in 
the upper extremities developed shortly after the appearance of the 
eruption, and the involvement of the other joints followed rapidly. 
Roentgen-ray examination revealed widespread destructive processes 
located at the epiphyseal lines of the long bones and in the first cervical 
vertebra, which dislocated spontaneously. The acute condition in 
the bones continued for two months after the eruption had disappeared 
and was accompanied by fever and leukocytosis. Repair finally occurred 
with almost complete recovery except for tlie unreduced dislocation of 
the neck. The rapidity of the onset, the symmetrical, widespread dis- 
semination and involvement of a vertebra, together with absence of 
suppuration, all coincide with Chiari’s observations. The selective nature 
of the process, the lesions being confined to the region of growth in the 
bone, is in accordance with the ideas of Musgrave and Sison, based on 
their observation of the late deformities. 

38. Verrall, P. J.: J. Bone & Joint Surg. 8:491 (July) 1926. 

39. Huenekens, E. J., and Rigler, L. G.: Osteomyelitis Variolosa, Acute 
Stage, J. A. M. A. 87:295 (July 31) 1926. 
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bone. 5. Subsequently, the treatment of the inflammation requires all 
attention. 6. Gauze packs and tampons should not be used. Drainage 
tubes should be rarely used and only for a short time. 7. In cases of 
osteomyelitis of the diaphysis, involvement of the joint frequently devel- 
op^from lack of proper care of the wound. 8. If the wounds are well 
treated, amputation or resection is rarely necessary, 9. At the end of 
the septic period, without waiting for the fonnation of an involucrum, 
sequestrectomy should be performed and all the necrotic parts removed. 
The wound should be sutured. 10. Motion is especially dangerous when 
osteomyelitis of an epiphysis is accompanied by suppurative arthritis. 
11. In cases of epiphyseal osteomyelitis of infants, especially when the 
suppuration has not yet invaded the joint, one should use repeated aspira- 
tions by means of a syringe. 12. In the severe cases in infants, when the 
aspirations are insufficient; in adolescents, and also in cases in which 
the pus has invaded the capsule, incisions and arthrotomies are necessary. 
The incisions need not be large. In these cases, also, gauze packs and 
tampons are to be avoided, 13. The necessity of resection occurs only 
in cases of epiphyseal osteomyelitis of the hip, and even here it is neces- 
sary to resect only in rare cases in which there is necrosis of the epiphysis 
with separation of the epiphysis from the diaphysis. 

Acute Suppurative Arthritis. — Caldwell,^® in discussing the treat- 
ment of well established suppurative arthritis, gives the follo^'dng advice. 
Aspiration, with or without the injection of antiseptics, is inadequate. 
Arlhrotomy by one or more incisions, adequately large, is indicated as 
soon as diagnosis is made. Intracapsular drains are dangerous and 
superfluous. Immediate, active mobilization following arthrotomy 
appears to be unnecessary, to say the least of it. Since the results of the 
so-called Willems method are certainly no better than, if as good as, those 
in which arthrotomy has been followed by fixation, it would seem wiser 
to abandon it for the simpler, more logical, more truly orthopedic and 
surgical procedure of arthrotomy followed by fixation. 

[Ed. Note. — On the basis of previously published reports and our 
own experience, we feel that there is a place for repeated aspiration as a 
method of treatment in certain mild cases of suppurative arthritis. Nor 
do ne agree with Caldwell that complete fixation is desirable as a rou- 
tine njcasure. M e believe that in certain cases mobilization should be 
encouraged as early and as actively as possible.] 

diseases due to xutritioxal disturbances 

Rickets. Cozzolino’® reports a case of congenital m)'xedema and 
discusses the possibility of this disease coc-xisting with rickets. He states 
that most w riters admit that the diseases which interfere with or inhibit 

15. Cildwell, G. A.: South. M. J. 19:637 (.Aug.) 1926. 

16. Coirolino, O.: Pediatria 34:761. 1923. 
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MclUococcus Spoudyltfis— Roger of jMarseilles calls attention to 
the frequent occurrence of spondylitis in Malta fever. He reports verte- 
bral lesions of a characteristic type in about 30 per cent of the cases. 

Chronic Osteitis of Semilunar Bone (Kicnbock's Disease.). — Hen- 
derson reports two cases of osteitis of the semilunar bone, or 
Kienbdek’s disease. The etiology of this condition is generally thought 
to be traumatic, either a definite injur\- or repeated trauma incidental 
to occupation. Kienbock’s syndrome is characterized by three stages: 
(1) the acute, lasting possibly only a few hours, coming on immediately 
after the injury, rarely lasting more than a few days, and generally not 
more than a few weeks; (2) the period of freedom from pain and disa- 
bility, sometimes lasting as long as two months; (3) the period of 
actual disease, in which the osteitis definitely assumes form and persists 
with symptoms, perhaps for years. Kummell’s disease is the nearest 
analogy. Roentgenograms immediate!}' after the injury do not show 
abnormalities, but later show var}*ing degrees of osteitis. The author 
advised against operation in his cases, treating the patients by splinting. 

Spontaneous Dislocation of the Biceps Tendon. — Meyer,^^ an 
anatomist, has observed in the dissecting room four cases of complete 
dislocation of the tendon of the long head of the biceps brachii, three 
in men, one in a woman, out of 286 cadavers, or 1.25 per cent. The 
tendon was not adherent and was wholly preserved, even when the entire 
superior portion of the articular capsule was completely destroyed. All 
the subjects were elderly, and there were well marked senile changes in 
the bone and joint capsule. In regard to the genesis of this dislocation. 
I\Ieyer thinks it can be produced onl}’’ after destruction of the superior 
portion of the articular capsule and then only in the position of marked 
abduction and lateral rotation, facilitated perhaps by flexion of the fore- 
arm in the supinated position. Such conditions would produce a maxi- 
mum of relaxation of the tendon and permit it to be carried forward 
over the lesser tuberosity. Once dislocated it would probably always 
remain, especially if continued attrition in the region of the tuberosities 
led to bony proliferation and obliteration of the intertubercular sulcus. 

Spontaneous Dislocation of the Hip. — Jones has studied a series of 
twenty-seven spontaneous or pathologic dislocations of the hip. These are 
cl.assificd as follows: (1) dislocation from muscular paralysis; anterior 
poliomyelitis, six cases ; spastic paraplegia, one case; (2) dislocation from 
acute arthritis ; septic arthritis, three cases ; pneumococcal arthritis, three 
ca>es , arthritis oi exanthemas, two cases: pyemic arthritis, one case; 


40. Royer, H.; Pre55e nicd. 34:920 (July 241 1926. 

41. Hc!ulcr?cn, M. S.: 1. Boue & Joint Surp. 8:504 (July) 1926. 

42. Meyer, A. W.: .«:pon!ar.er.u 5 Dislocation of Tendon of I..one Head of 
l-.!cep< Br.-.c?iii. .Arc!). S’.:rp. 13:109 (July! 1926. 

4.i. lone'-. R. W.: Brit. J. Sure. (July) 1926. 
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the regular growth of the nursing child prevent the development of 
rickets. There are a few authors who refuse to accept this. Cozzolino 
does not believe that any proof of the impossibility of association of 
raj^xedema and rickets has yet been brought forward, but care must be 
exercised in making such a diagnosis if the sign on which the diagnosis 
of rickets is based is craniotabes. An error may creep in here, as it has 
not been absolutely proved that craniotabes is pathognomonic of riclcets. 

Experiments made by Maslow, Shelling and Kramer demonstrate 
that antirachitic properties can be imparted to orange juice by irradiation 
with the quartz mercury vapor lamp. Healing may be demonstrated as 
early as five days after feeding irradiated orange juice to rachitic rats, 
and is almost complete at the end of fifteen days. 

Comparison of Antirachitic Poten-cy of Irradiated Cod Liver Oils . — 
A medicinal cod liver oil of known origin, known chemical and physi- 
cal characteristics, and of vitamin A potency, was irradiated by Wyman 
and his group of co-workers under carefully controlled conditions for 
periods varying from one-half to two hours. The antirachitic potency 
of -the original oil and of the irradiated oils was studied to determine to 
what extent the antirachitic activity of the original oil was enhanced by 
irradiation with the ultraviolet ray. The results obtained indicate that 
there was little if any difference in the antirachitic potency of the original 
oil and that which had been irradiated. 

Osteitis Fibrosa Generalisata. — Mandl,^® after discussing the possi- 
bility of relationship between the parathyroid bodies and generalized 
osteitis fibrosa, reports the case of a man, aged 39, who was suffering 
from an advanced, severe form of that disease. Examination of the 
urine showed a marked increase above normal in the quantity of calcium 
that was being excreted. Excision of a small tumor of one of the epi- 
thelial bodies resulted in marked improvement. The excessive elimina- 
tion of calcium salts in the urine was stopped. There was improvement, 
both subjective and objective, with increase in weight, and the roentgen- 
ray examination showed a marked increase in the lime content of the 
bone. 

Hypertrophic Osteo-Arthropathy. — ^Ramond and Bascourret-® dis- 
cuss a case of hypertrophic osteo-artliropathy of Pierre Marie. The 
patient, a policeman, aged 26, complained of an abnormal and progressive 

17. Maslow, H. L. ; Shelling, D. H., and Kramer, P. : Bull. Johns Hopkins 
Hosp. July, 1926, p. 56. 

18. Wyman, E. T.; Holmes, A. D. ; Smith, L. W.; Stockberger, D. C, and 
Pigott, M. G.: Boston M. & S. J. 195:525, 1926. 

19. Mandl, F. : Zentralbl. f. Chir. 53:260, 1926. 

20. Ramond, L., and Bascourret: Bull, et mem. Soc. med. d. hop. de Paris 
50:1015, 1926. 
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arthritis of doubtful origin, three cases ; acute tuberculous artliritis, two 
cases; (3) dislocation from dironic arthritis, none; (4) subluxation from 
chronic arthritis: tuberculous arthritis, two cases; osteo-arthritis, three 
cases ; hemophilia, one case. The author, believes that the underlying 
pathology is essentially the same in all cases, a muscular derangement 
resulting in extreme flexion and adduction. This is unquestionably true 
in the paralytic cases ; in the arthritic cases the inflammatory process alone 
does not bring about dislocation unless accompanied by abductor and 
flexor spasm. The deformity must be one of both flexion and adduction 
to produce a dislocation ; flexion alone or adduction alone may cause a 
subluxation, but never a complete dislocation. In chronic infections of 
the hip, complete dislocations do not occur, because the muscle spasm is 
not sufficiently severe. The condition can be prevented in both paralytic 
and arthritic patients by preventing adduction and flexion. Corrective 
measures, on the whole, are unsatisfactory, because the dislocation in so 
many cases is associated with other irreparable damage. 

[Ed. Note. — ^We are inclined to be more optimistic than Jones 
appears to be in respect to the value of corrective operations in spon- 
taneous dislocations of the hip. In the paralytic patients the shelf 
operation, with suitable modification, affords a means of stabilization. 
In the tuberculous cases one must employ an anlcylosing operation to 
obtain the same end. Dislocation resulting from septic infection con- 
stitutes the most difficult problem on account of the risk of a flare-up 
of an old septic process, but even here by means of carefully planned and 
executed opei'ations it is often possible to obtain an ankylosis.] 

(To be Continued) 


CORRECTION 

In the article by Dr. Derj-I Hart, entitled, “Intracystic Papillomatous Tumors 
of the Breast, Benign and Malignant: Analysis of One Hundred and Twenty- 
Four Cases (Arch. Surg. 14:793 [April] 1927), some of the legends, begin- 
ning with figure 6, are incorrectb' placed. The legend under figure 6 should 
be under figure 18, and each of those following should appear under the pre- 
ceding illustration, i. e. : the legend under figure 7 should be under figure 6; 
that under figure 8 should be under figure 7, and so on. 
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enlargement of the hands and feet, with slight pain and crepitation in 
the knees, ankles and wrists, and a sense of general fatigue. The condi- 
tion had had its onset four years previously. The examination showed 
osteo-articular deformities localized at the extremities, characteristic 
appearance of the fingers with incurvation of the nails. The picture 
on roentgen-ray examination was t5*pical. In discussing the origin, 
which is chiefly from pulmonary diseases, Leri states that small chronic 
lesions of sclerosing tuberculosis are able to give the syndrome. 

Divarfisiu with Pluriglandular Syndrome. — ^Benard, Hillemond and 
Laporte present a case of dwarfism with pluriglandular syndrome. The 
striking feature was the small stature with remarlcable shortness of the 
extremities, which led them to suggest the term “nanisme acromicrique” 
in contrast to "gigantisme acromegalique.” The patient was a girl, aged 
17 , with a complexity of S3TOptoms of myxedema, with pigmentation 
and sclerodactylia. The condition was different from the micromelia of 
Galliaud and Levy, the dyschondroplasia of Ollier and the pituitat}' 
dwarfism described by Erdheim. 


DISTURBANCES OF GROWTH 


Osteochondritis of the Epiphyses. — Christie,-® discussing the whole 
subject of epiphyseal osteochondritis, states that there is little doubt 
that the etiologic factors and pathologic changes are similar in Legg’s 
disease, Schlatter’s disease, Koehler’s disease and vertebral epiphysitis. 
The same disease also occurs in the epiphyses of the os calcis and of the 
olecranon. There is also fairly good evidence that the osteochondritis 
dissecans of Konig and the rare condition known as malacia of the carpal 
semilunar bone belong in the same catego^}^ Regarding the etiolog)' of 
epiph5^scal osteochondritis, Christie states that there is no agreement, 
except that it is definitely known that the disease is not tuberculous, 
rachitic or syphilitic. There is a little evidence to support an infectious 
theorj', but the cases in which operation has been performed and in which 
a possible causative organism has been isolated, are so few that they may 
be explained on the grounds of coincidence or of accidental contamina- 
tion. The theor)’ of an endocrine origin is a pure assumption with no 
reliable evidence to support it. A history of trauma is present in some 
of the cases, but not in a sufficient proportion to make it appear to be the 
ultimate cause. The supposition has been advanced that the condition 
is primarily due to some developmental anomaly or constitutional dis- 
turbance which eventually results in poor nourishment of the epiphysis 
at the time of its more rapid development. It is worthy of note that each 
lesion is associated with a definite age period, and that the period is the 


21. Benard. R.: Bull, ct mem. Soc. med. d. hop. dc Paris 50:967, 1926. 
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one in which the affected nucleus of the bone is undergoing its most 
active development. The opinion of the majority of investigators 
inclines to the idea that the disease is due to long continued or occasion- 
ally acute trauma, resulting in interference with the circulation and in 
subsequent necrosis involving both the bone and the cartilage of the 
epiphysis. 

Coxa Plana . — ^Valle and Verbrugge report some observations on 
the role of heredity in coxa plana and kindred conditions of the hip. 
Their studies lead them to conclude that both heredity and age are 
important factors. One may inherit a predisposition to these conditions, 
accompanied or not by actual malformation. There is a potentiality of 
disease which under the influence of trauma, of infections, of nutritive 
disturbances or of endocrine disorders may produce in the period of 
childhood osteochondritis or coxa vara; in youth, coxa vara of adoles- 
cence, and in adult life, arthritis deformans. 

Case of Legg-Pert lies’ Disease . — ^Kidner reports a case of what 
he regards as Legg-Perthes’ disease. The history began with weakness 
of the left hip, observed by a mother in an infant. The child walked late, 
and gradually developed a limp ; there was only slight pain. When first 
seen, at the age of 8 years, there was 1 inch (2.5 cm.) shortening, and 
the motions were limited to 15 degrees in all directions. Roentgen-ray 
examination showed spina bifida occulta of the fifth lumbar, deformity 
of the head and neck of the femur and of the acetabulum, charac- 
teristic of Legg-Perthes’ disease. Neurologic examination showed com- 
plete anesthesia of the anterior two thirds of the thigh and lower leg, 
hyperesthesia of the posterior third. A biopsy was performed, and the 
cartilage appeared smooth and apparently normal. A section of the 
head was examined by Dr. W. B. Phemister, who found both degenera- 
tive and reparative changes, but no evidence of inflammation. He 
regarded the process as a circulatory disturbance and considered it a 
case of Legg-Perthes’ disease, despite the early age of onset. 

[Ed. Note. — AVe would have some hesitation in calling this Legg- 
Perthes’ disease in view of the history and of the neurologic disturbance, 
nor do we believe that the pathologic picture of Legg-Perthes’ disease 
has yet been sufficiently established to permit the observations on study 
of the specimen to be adduced as proof. Is it not possible that a neuro- 
trophic process affecting the hip might give the same appearance?] 

Apophysitis of the Os Calais. — O’Ferrall believes that both trauma 
and infection play a part in the etiolog}’’ of apophysitis of the os calcis. 
IMan)' cases are undoubtedly not recognized, and recover under the treat- 

23. Valle and Verbrugge: Chir. d. org. di movimento 10:364, 1926. 
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it was thought best to make an arbitrary division between a definitely 
muscle-bound foot and a relatively normal foot at 95 degrees. Sixty- 
seven per cent of the patients presented muscle-bound feet, and 87 per cent 
presented varying degrees of pronation. The relation which limited 
dorsal flexion and pronation bear to hallux valgus is interesting. My 
observations tend to the conclusion that hallux valgus rarely if ever 
occurs in an otherwise normal foot. 

Hallux Valgus . — The deformity due to hallux valgus was designated 
as slight at 20 degrees or less, moderate at 20 to 35 degrees, and severe 
over 35 degrees. The cases were distributed as follows: forty-seven 
cases, or 23 per cent, slight; seventy-five cases, or 37.5 per cent, 
moderate ; seventy-eight cases, or 39 per cent, severe. 

The maximum deformity recorded was 90 degrees in a patient 
50 years of age. Another patient, 19 years old, showed a deformity of 
75 degrees. 

Anterior or Transverse Arch . — ^The anterior arch was well main- 
tained in only 18 cases and impaired in varying degrees in the remain- 
ing 182, ■ slightly in 39, moderately in 42 and severely in 101 cases. 
Callosities were present on the ball of the foot in proportion to the 
impairment of the arch. 

This impairment of the anterior arch is due to the separation of the 
first and second metatarsal bones distally, a condition which is part of 
the deformity in all except the simplest cases. This separation may be 
due to the presence of an extra bony element, the. intermetatarseum, 
which may exist as a small separate bone or be found fused with the 
medial cuneiform or base of the first or second metatarsal. Dwight ^ 
found it most commonly fused with the medial cuneiform so that it 
presented an elongation of the outer distal angle of that bone. It is 
conceivable that an extra bone placed at the outer side of this metatarso- 
cuneiform joint, attached either to the metatarsal or cuneiform bone 
might cause a medial deviation of the first metatarsal and consequent 
widening of the first metatarsal space. This region is not distinct in the 
roentgenogram owing to overlapping of joint lines (fig. 1). 

Arthritis. — Fifty-five of these patients presented evidence of active 
symptomatic arthritis in the joint of the great toe before operation, 
such as crepitation, swelling and other symptoms. Eight cases were 
classified as severe and the others as mild or moderate. This condition 
has considerable bearing on the end-results and will be dealt with more 
fully later. 


1. Dwight, Thomas : Variations of the Bones of the Hands and Feet, Phila- 
delphia, J. B. Lippincott Company, 1907. 



IVILSOX ET AL.-PROGRESS IX ORTHOPEDIC SURGERY 1117 

inent of simple sprain. His conclusions are as follows : Apoph3'sitis of 
the os calcis is most common in growing boys during the period of their 
greatest growth activity. The condition clinically is usually unilateral, 
but by roentgen-ray examination the epiphysis on both sides is often 
found to be involved. Close questioning may reveal that bilateral symp- 
toms have existed, one side being more affected than the other. Freedom 
from weight-bearing, fixation of the extremity in a plaster cast to lessen 
the pull of the Acliilles tendon and the administration of cod liver oil 
usually relieve the condition promptty and permanently. 

[Ed. Note. — ^Ye are not at all comfinced that it is necessary to 
employ plaster fixation in the treatment of this condition. The symp- 
toms are usually mild and are prompt!}’ relieved by adhesive strapping 
and elevation of the heel. We have seen no bad results, even in those 
patients who have been totally untreated.] 

Symmetrical Disease of the Epiphyses of the Hand. — Kloiber*® 
describes a symmetrical disease of the middle joints of the third fingers 
of both hands which is accompanied by a slight disturbance of the 
function. Clinically, there is slight thickening, and the roentgen-ray 
examination shows a marked change in the epiphysis of the second 
phalanx. The epiphysis is diminished in length, but markedly increased 
in width. The epiphyseal line is irregular and thicker than nonnal. The 
articular gap is narrowed and in some places seems to have disappeared. 
The nucleus is split in two or three fragments. The disease closely 
resembles Koehler's disease of the metatarsal head, particularly in regard 
to the destruction of the epiphysis, the enalargement of the metaphysis 
and the slight disturbance of function. 

Significance of Accessory Tarsal Scaphoid. — ^Zadek-' discusses the 
significance of the accessory tarsal scaphoid in its relation to weak feet. 
He has operated on three such cases and found an abnormal insertion 
of the tibialis posticus, the tendon being entirely or mainly inserted into 
the scaphoid. This results in muscular imbalance and leads to weak 
feet. Such cases do not respond to supportive or exercise treatment. 
Good functional results are obtained by i*emoval of the accessorv 
scaplioid and of the prominent portion of the scaphoid if accompanied 
by astragalo-scaphoid arthrodesis. 


.\RTnRlTI.S 

Cla.K.^ificaiwn^ and Treatment of Chronic Arthritis.—CeeW and 
.\rcher,- after four years’ experience with chronic arthritis in the Cor- 


26. Kleiber: Fortschr. a. d. Geb. d. Roentgcnstrahlcn 34, no. 4, 1926. 

27. Zadek, I.: J. Bone & Joint Surg-. 8:618 (July) 1926. 

Cecil. Ruj'ell L.. and Archer. Benjamin H.i Classification and Treat- 
ment oi Lnromc Arthriii*. J. A. M. A. 87:741 (Sept. 4) 1926. 
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Exostosis omi Bursa . — Since 1922 records have been kepi of the 
‘•ize <)\ the exostosis wliich is usually present over the medial side of 
tbe first metatarsal bone. In the eighty cases reported, the exostosis 
was ilescribed as large in thirty-three, moderate in seventeen and as 
small in three. Kemoval of an exosto.sis at operation in twenty cases 
indicated that it was a factor in the deformity and pain, although this 
wa< not mentioned in the case rejiorts. 

t.)ver the exostosis bursae of varying size, frequently inflamed, were 
noted. The pain attendant on an inflamed bursa over the bunion is 
uuducstionably the impelling factor which causes a patient to seek relief. 



I'b'. 1, l.otti u-ct have tifi-n 'utijvctvd In the same un>uve.Tr hut the rieht 
'htiws a mathid Italhix vailin';, while the left >h(»ws a ^l^l;h^ ilenirmity. It will 
he that the ileviatioii nj the rifihl first metatar-al hi>iu* is marked at the 


hii'i- and is eati-id hy a jiromineiit priijectiiifi ridee on 
of the mtili.'il eiiiieiiiirm imne, a fn«ed iiUermetatarseiim. 


tlie otner di'tal anele 


ivt't Kecently it has been our plan to secure a pre- 

roei..eenoi;r.'int of the feet in order to see the acttial size ui 
U‘i- luitatat-s:;} In-;.,} jim! detenniue in :i measure the jirojier jirocedtire. 
1-. ..i.inbti Ilf the latcr ea-es in tlu- 'vrie< the-e roentgenograms have 

' briVf been of vabte, .X pos’nj/ertitive roentgeno- 

etam h:.s -1-.. been mride in ..r<!er to rbecl: up tlie operative j.roredure 
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nell Clinic, are convinced that this disease occurs in two distinct and 
ftmdamentally different clinical forms. They prefer the classification of 
Nichols and Richardson, feeling that the division into the two groups, 
proliferative and degenerative, rests on definite pathologic and probably 
etiologic grounds. They feel that the proliferative form is almost cer- 
tainly infectious in origin and that the degenerative type is noninfec- 
tious. They are not able to exclude the possibility of some toxic factor 
playing a part in the causation of degenerative arthritis. Largely on the 
basis of clinical manifestations, they differentiate three subdivisions of 
each group : 

I. Proliferative Type Arthritis: (d) chronic infectious arthritis; 
(&) specific arthritis; (c) true arthritis deformans, a chronic progressive 
polyarthritis of unknown origin. II. Degenerative Type Arthritis: 
(a) arthritis of the menopause ; (b) degenerative monarticular arthritis 
(morbus coxae senilis) ; (c) senile arthritis. In the proliferative type 
different infectious agents are probably responsible for the different 
clinical manifestations. The three subdivisions of degenerative arthritis 
are largely a matter of clinical convenience, though here, again, a variety 
of etiologic factors may play a part. It seems probable, for example, 
that arthritis of the menopause is dependent on some endocrine distur- 
bance. In a study of 612 cases of chronic arthritis, approximately two 
thirds (68 per cent) were of the proliferative type and one third (30 per 
cent) were of the degenerative type. Proliferative arthritis occurs most 
frequently in young persons; degenerative arthritis is more often seen 
in the middle-aged and elderly. The commonest form of proliferative 
arthritis is associated with focal infection about the teeth or tonsils. 
The commonest variety of degenerative arthritis is the arthritis of the 
menopause. The proliferative arthritis is presumably an infectious 
process. Degenerative arthritis does not appear to be of infectious 
origin. It appears more likely that it is, as its name implies, a degenera- 
tive process analogous to arteriosclerosis and to the other degenerative 
changes that attack various organs in old age. The essential feature 
in the treatment of proliferative arthritis is the removal of all foci of 
infection. In degenerative arthritis the treatment should be directed 
chiefly toward accelerating metabolism by means of the iodides, physio- 
therapy and other appropriate measures. Many of these patients are 
improved by a low caloric diet. 

[Ed. Note. — We. think it is of interest to note that the conclusions of 
Cecil and Archer are in line with those of nearly all observers who have 
had the opportunity of making an intensive study of chronic arthritis. 
There are two distinctive main types of arthritis in the opinion of most' 
authorities, and the subdivisions made by Cecil and Archer may be 
recognized under other names used by different writers.] 



A 


B 


Fig. 2. — A, preoperative roentgenograms of a case in which the exostosis was 
widely excised, together with the exostosis on the proximal end of the phalanx; 
B, postoperative condition. 



Fig. 3. — A, preoperative roentgenogram of a case in which the exostosis on 
the metatarsal head was widely excised. The exostosis on the proximal end of 
the phalanx was left, and caused subsequent annoyance; B, postoperative 
condition. 
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Diet in Treatment of Chronic Arthritis.— Pemberton says that it is 
common Icnowledge that even in health a great intake of food may induce 
hebetude and lethargy probably through an influence on the flow of the 
blood, and there is reason to believe that it is through an influence on 
the flow of the blood that a curtailment of diet exerts part of its effect 
in arthritis. In view of the undoubted benefit of measures which 
improve the flow of the blood and hasten metabolism, such as exercise, 
massage and external heat, it seems likely that at least part of the influ- 
ence of a reduced diet results from placing a lessened demand on the 
machinery of exogenous metabolism, especially in the muscles. Pember- 
ton says that the chief considerations in dietetics are : first, to reduce the 
total caloric intake to suit the individual case — ^in general, to about 
30 Kg. of body weight according to the usually accepted approximate 
requirements for rest; and second, in diets of relatively high caloric 
value, to redistribute the foodstuffs so that the proportion of calories is 
larger from fats than in the usual dietar)"^ and less from carbohydrates. 
Pemberton feels that diet constitutes the best method of meeting the 
therapeutic indications in chronic arthritis. 

Vaccine Therapy and Serologic Diagnosis in Arthritis. — Burbank 
reviews the history of vaccine therapy in arthritis and outlines his own 
method of procedure. The isolation and identification of the organisms 
is the most difficult task, and for this process careful serologic methods 
of study are all-important. Vaccine treatment, when properly prepared, 
controlled and administered, represents, in his opinion, the most potent 
method of attacking this disease. To treat a patient adequately it is 
also important to see that the hygiene and environment are rendered 
as favorable as possible. He believes that favorable results may be 
obtained in practically all patients whose serologic reactions show favor- 
able complementary values, if they have not undrained infectious foci, 
are not suffering from any debilitating disease, and have the patience to 
continue the treatment over considerable periods. 

Role of Dysentery Bacillus in Arthritis Deformans. — Clifford®* 
reports his studies of seven cases of arthritis deformans of type I, in 
four of which there was evidence either of an active or of a partial 
infection with Bacillus dyscnteriac of Flexner. He feels that dysentery 
should be considered as an etiologic factor in this form of arthritis and 
ruled out only after bacteriologic studies and agglutination reactions, 
using a complete series of antigens. He does not feel that his obsen-a- 
tions cover a series of cases large enough to permit any more definite 
conclusions. 


2^. Pcml>crton, R. 
?0. Biirlir.nl:, R.: 
31. CliiTord. S. H, 
.T. Child. S2:72 


: New York State J. M. 2G:6CS 1) 1926. 

J. Bene & Joint Snrp. 8:657 (July) 1926. 

Dy.ccntcrA' Bacillus in .Arthritis Deformans, Am. 
(July) 1926. 
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OPERATION 

Operative Procedures . — The operative procedure.^ tall itUo five 
Ifronjis: (1) resection of the metatarsal head with removal of the 
ex»*slosis (Mayo operation); (2) simple excision of the exostoses 
without interfering with the joint ; (3) resection of the jwoximal end of 
the first phalanx and removal of the exostosis on the metatarsal head 
(Keller operation); (4) excision of the exostosis on the metatarsal 
head, division of the lateral ligaments of the capsule and the adductor 
muscles and realinement of the phalanx and metatarsal bones by means 
of a wedge-shajjcfl flaj) fashioned from the medial ligament (Silver 
operation), and (5) wedge-shaped osteotomy of the metatarsal or 
proximal jihalanx to correct the deformity'. 

The eases were distrilnitcd among these groujis as follows : Resec- 
tion of metatarsal head, 118: excision of exostosis. 38; resection of 
jiroximal end of phalanx. 22 ; excision of exostosis with plastic repair, 
15; cuneiform osteotomy, 7. 

.'\s an additional operative jiroccditrc, the extens(»r hallucis longus 
tendon was lengthened in eighty-six ense?, and divided in four cases, 
'Phis tendon was therefore considered an itnjiortant deforming factor in 
45 per cent of the etitire series. This lengthening is usually part of 
the ojicrative procedure at the present lime. 

The achilles tendon was lengthened in thirty-four of the cases in 
which the feet were severely muscle-hound. In nine cases, the exostosis 
nji the fifth metatarsal head was excised for varus minimi digiti. 

Days ill Hospital, — 'I'he number of days tf> he spent in hed is impor- 
tant to the patient and to the hospital, and one should he able to give 
a patient some idea of the length of his stay in the hospital. Retore 
l'>22 the average ntnnher fif days in hed for all patients was eighteen : it 
has since hi-en reduced to fourteen and one-half days, a c«tnsi<lerahle 
saving. 

The c<inv;descent ])eriods tor the operative j>rocedures iti these ca^es 
coinjiared as folhtws; Resection of the metatarsal head, seventeen 
days; excisitm t)f exo-tosjs, twelve and one-half days; resection <»f 
]>roximal end of phalanx, twenty-fine days; ])lastic rejjair, si.xteen <lavs ; 
ovteotomv, fourteen <l:iys. 

My exiH-riencc tends to slmw that a ]»aticnt who can devote ahout 



i'' likely to '■hurten th.e entire convalescent jierioil. 


fi ■'•I I iT-r.iiATivn c( ii't'-s*'. 
Pesiorer.;:::-,' Coio.fUcatinv.s.—ThK-Ti: 
id infeed, n. in ettven of which the end-re-uhs were 
i‘t Wet f.' rt -Vv'n. ’I',-, Ki.tte fif the ff*nr ni 

; > r I r frer re-’:;;- v.erc rt.-ec:i<-i> 


Were fifteen ca-e- 
g<*f*d or excelh-.nt ; 
v.'hiich tl’ere v/ere 
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Rheumatic Nodules . — Coates and Coombs have made a stud)’’ of 
rheumatic nodules. They describe the tiny granules -which are found in 
the subcutaneous tissue of the rheumatic child and discuss their signifi- 
cance. The constitution of rheumatic nodules obtained from patients 
with rheumatoid arthritis. Still’s disease and endocarditis lenta is 
described. The)’’ are shown to be histologically identical with those 
found in 'orthodox rheumatic infection. 

TUMORS OF BONE 

Lesions of Bone . — Bloodgood gives a brief review of different 
types of lesions of bone based on a study of about 1,000 cases. He 
states that there is a small but increasing number of cases of sarcoma of 
the bone in which the patients have remained well for five years or 
more after amputation, cases which have been accepted under Codman’s 
valuable registry of bone tumors. The fact that the diagnosis is being 
made at an earlier period is the one explanation of these better results. 
The improvement in diagnostic ability is undoubtedly due to the interest 
stimulated by the registry. Sarcoma is greatly on the increase. Blood- 
good feels that many patients formerly died at home without record. 
Now practically all reach some clinic, where a roentgen-ray examination 
is made. He says that the greatest increase has occurred in certain types 
of lesions of the bone: healed bone cysts, Paget’s disease, sclerosing 
nonsuppurating osteomyelitis, and a form of destructive osteomyelitis, 
often multiple, but when occurring as a single lesion difficult to differ- 
entiate from sarcoma and multiple exostoses. Syphilitic lesions of bone 
are decreasing. The number of amputations for giant cell tumor has 
decreased far beyond expectations. A limb is seldom amputated unnec- 
essarily. Radiation is being given a fair trial, and the dangerous biopsy 
is becoming less frequent. 

Operability of Bone Tumors. — Meyerding®* says that the operabil- 
ity of a bone tumor depends on its local and general characteristics. 
Whether malignant or benign, the type, size or situation may prohibit 
surgical removal. In certain benign cases if the gfrowth is accessible, 
operation may offer hope of a permanent cure. In doubtful cases, opera- 
tion affords the means of definite diagnosis, and in case of malignancy 
removal offers palliative relief, if not more. The age and sex of the 
patient, size and origin of the tumor, its penetration through or invasion 
of periosseous tissue, its proximity to important structures, the danger of 
fracture and the general physical condition of the patient are all factors 
which must be taken into account in determining the operability. 

32. Coates, V., and CoombS, C. R: Arch. Dis. Child. 1:183 (Aug.) 1926. 

33. Bloodgood, J. C.: South. M. J. 19:541 (July) 1926. 

34. Mcyerding, H. W. : Radiology 7:29 (Jub”) 1926. 
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The presence of infection did not seem to influence the end-result 
per se. It may have made poor results worse. 

Postoperative Treatment . — The majority of the patients were treated 
by massage and exercise for two or three months. In twelve cases, 
postoperative treatment was not instituted, and in many of these the 
most brilliant results were obtained. In contrast to this, several patients 
who came to the dispensary over a period varying from a )'^ear to eighteen 
months after operation achieved a poor final result, which shows con- 
clusively that a poor result cannot be improved by massage.' Too active 
massage and manipulation in some cases may be a definite cause of a 
poor end-result. 

Definition of End-Results . — Before proceeding to the study of the 
end-results, it may be well to define the four groups by which the vary- 
ing degrees of success or failure in operations for hallux valgus are 
recorded. In each group the cosmetic and functional end-results are 
noted. 

The cosmetic result is determined by the degree of hallux valgus, 
the general appearance of the toe and its alinement with the foot, 
the preoperative condition being taken into consideration. 

The functional result is almost invariably of much greater impor- 
tance to the patient than the cosmetic result. It expresses the mobility of 
the toe, the amount of control which the patient has over it and its 
general usefulness and efficiency in the propulsion of the body in 
walking. The absence or presence of pain is another important factor 
in determining this end-result. 

An excellent functional result should have roughly the following 
features ; over 35 degrees of extension and about 20 degrees of flexion 
of the toe. Control of the toe should be free. A good result should 
have an extension of 20 to 35 degrees and a flexion of 10 to 20 degrees. 
Control of the toe should be almost free, A fair result should have an 
extension of 10 to 20 degrees, flexion less than 10 degrees, and control 
of the toe is limited. A poor result has less than 10 degrees of extension, 
flexion and control of the toe are almost lacking. 

In judging the end-result, the importance of extension of the meta- 
tarsophalangeal joint cannot be overemphasized. Since all the “take-off” 
or final propulsion in walking takes place through this joint, a consider- 
able degree of extension is necessary to an easy, painless gait. 

It is possible to haA’e an excellent cosmetic result in a stiff, useless and 
painful toe with a poor functional result. 

W'hen only one unqualified result is expressed, I have attempted to 
average cosmetic and functional results. 
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around tlie femur. Microscopic examination was made by Dr. Ewinp. 

who reported malignant spindle and giant cell osteogenic sarcoma; ;?iicrablc 
production of osteoid tissue in the marrow regions; many areas of bcmirrliagc 
and some points of mucoid degeneration; some broad areas of hyaline material 
without cells. He stated that radium effects could be traced in the hemorrhages. 



Fig. 55 (case 121 in tabic 7). — Two weeks later thrm lienre .'4. 


mucoi<l degcner.ition. irregular calcific.'itk'ii, .'md pi-ni-r:.! }ui«r>kr- m.iti *! 
tumor cell nuclei. 

TIjo patient made a pt> 'd reowtry and the ti-x!!!' tre n !, . 

with ucca'iunal imerv.als of re-t for six m'>ntl!'. He j;, 

condition up to pre-ent time, 'ix lati.-. '1 hi* . 
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Case 27. — Periosteal round cell sarcoma of tibia treated with toxins and 
radium; patient well five years later; limb saved. ■ 

A. K., a boy, aged 16 j’^ears, with a negative family history, had a fall in May, 

1920, while playing basketball. Two months later he felt pain in the left kneei 
which gradually increased in severity. Three casts were applied; the first was 
worn for eight weeks; the second for six weeks, and the third for about eight 
weeks, or until his admission to the Hospital for Ruptured and Crippled, Feb. 2, 

1921. The day after he entered an exploratory operation was performed by 
Dr. Percy Roberts, who removed by curet a mass situated at the head of 
the tibia on the posterior aspect. The microscopic diagnosis of Dr. F. M. 
Jeffries was round cell osteosarcoma. The mixed toxins were begun February 10, 
and continued in gradually' increasing doses up to TO minims. Examination, 
March 10, showed the wound healed, and the knee joint movable so that it could 
be flexed to a right angle without pain or resistance; the patient’s general con- 
dition was excellent. Roentgen-ray examination, April 14, showed no extension 
of the tumor process. April 18, he was transferred to the Memorial Hospital. 
On his admission, a roentgen-ray examination was made by Dr. Herendeen, who 
reported as follows: “Plate of chest is negative for metastases. In the internal 
condyle or tuberosity of the left tibia there is a large area of rarefaction, bone 
absorption or destruction; the process has not definitely broken through the 
cortex.” 

It was decided to supplement the toxins with radium, and from May 7, 1921, 
to November 29, the patient received over various aspects' of the knee radium 
packs applied at 6 cm., a total of 96,554 millicurie' hours. 

The roentgen-ray report by Dr. R. E. Herendeen, July 28, 1922, was : “Plate 
of chest reveals evidence of an infiltration, probably tuberculous. Plate of tibia 
reveals evidence of further calcification and favorable progress.” 

The roentgen-ray report, June 28, 1924, was: “Plate of chest reveals no 
evidence of sarcoma metastases. Extensive pulmonary tuberculosis present. Evi- 
dence of some improvement in process in upper end of tibia.” 

Physical examination, June 25, 1924, showed the motion of the knee to be 
normal; the patient had been in a home for tuberculous patients for a year. 
Examination in May, 1925, showed the local condition to be normal, and the lung 
condition to be slightly improved. The lung condition soon become worse, and 
the patient’s general condition rapidly declined; he died in November, 1925. 
The microscopic diagnosis of Ewing was osteogenic sarcoma. The case is 
registered by the Bone Sarcoma Registry. 

Case 28 (Dr. Douglas Quick). — Periosteal sarcoma of humerus treated with 
radium for seven months; amputation; patient well more than three years later. 

L. O., a woman, aged 31, in November, 1920, noticed a small swelling on the 
right elbow; this slowly increased in size. In March, 1921, it began to increase 
more rapidly and was very painful; a biopsy was performed at this time by 
Dr. Charles A, Elsberg. The patient was admitted to the Memorial Hospital, 
Dr. Quick’s service, April 21, at which time examination showed a large tumor just 
above the elbow 15 inches (37.5 cm.) in circumference. Roentgen-ray examination 
showed apparently no bony involvement, and an apparently intact periosteal line. 
The patient was treated by Dr. Quick with radium in the form of packs; from 
April to November, 1921, she received a total of 85,000 millicurie hours. The 
tumor steadily increased in size in spite of treatment and an amputation was 
performed by Dr. Quick, November 16. The microscopic diagnosis of Ewing was 
large spindle cell sarcoma, apparently of periosteal origin. This patient moved 
west within a year after amputation and onlj' indirect information as to her 
condition has been received. 
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The end-results in this series may he subjected to criticism fnun two 
standj)oinls: the small number of cases in sotne of the groups and the 
larfte number of surjteojis of varyini^ exiicricnce who ])crformed the 
oju rations. A record of 76.5 jjcr cent of .t^ood or excellent results there- 
fore seems creditable. 

The Great Toe. — 'J'he deformity was itnproved most by «)steotomy 
which resulted iJi .30 degrees of correction, and least by simple excision 
of the exostosis which gave 5 degrees of correction. Iwenty degree." 
correction was obtained in both types of re.^ection. and only S degrees 
in the plastic operation (table 4). 

Resection of the metatarsal head allowed an average extension of 
over “10 degrees, while the osteotomy resulted in an e.xtension of only 
12 degrees; the resections of the phalanx allt>wed an extension of 
.3.3 degrees: the pla.stic f)perations. .35 degrees, and the excisifin of 
e.\<jstosis. 2iS degrees. 

I'lexion of the metatarso])halangeal joint was about 10 rlegrees in 
all of the various types of oi)erative procedure, except in the remt)val of 
an exostosis, which resulted in an average llcxion of 18 degrees. 

Control of the toes was much better in the excisions for exostosis, 
which showed 92 per cent good or e.xcellcnt results. The resection of 
the metatarsal heads and resection of the phalanx showed 70 j)er cent 
and 82 per cent good or excellent results, respectively, while the f)Ste- 
otomy and plastic ]m)cedurcs yielded only 41 per cent and 60 j)er cent 
of good or e.xcellent results. 

'I'hese results be:»r out the feeling that the less fme interferes with 
the joint surf.aces of the fir.'Jt metatar.^al and the ])roxima! ph.'ilanx, the 
greater will be the subsequent mobility «)f the joint. 'I'he excejnifiu to 
this is the joint with distinct limit.'ition of motion of the hallux rigidsj" 
tyju* (table 4). 


/ he Tool os (I ] Thole . — The anterior arch was found to be severelv 
imjtaired in 101 ]»atients before ojjenuion. and in 128 after ojjeration, 
and "lightly impaire<l in .39 jxuients before o})er;ition. and in 28 .after 
o])er;ition. So there was apparently an increase in this defonnitv in 
spite of operative procedure atid pO"ti)]HTative treatment. 

1 hi" increa'ed iinjiairment in the anterior arch i" due In shortening 
of the metatarsal h.ead. which di"turlK to "nine extent the normal three 
pnint "Upjiiin of the f<iot. that i". the lieel and the he.ad" of the ftr"! and 
titth nntat.-irsal Itoiu-". In making a re-ecttnit iif th.e h.ead of tlu* met:i- 
a minimal .atnotmt of Imne "houM removed.. 

1 1'.e immer.ce oi tlu- ih.tteneti nr inverted anterior arc!’, i" "hov.-ii in 
ta; '. 1. In c. mten-ing the ca"i" in whicli there were "< ven-lv or m.,!- 
in.tely hnp-.ire I ;.mer;..r arche". m-ted before op^rati..::. with\ho.v n--- 
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thv rliTiicai c('v<r?e luul from the facl lliai hniinritidn i>f the 
v.vil!' Ilf llic I'.vmati'Tiia has «)cca>!n:iany hetn <icscrilK'fl. it has hccsi 
a‘.'.’.5i5v<! Ijy s^'t'.i!-- that rcjK-ate'l frc'h hemorrhauf.' jnay occur within 
jJk- rv,>- 5 . As Ihnr.ani say;-, the ‘'qucstioji is still an open one althov.u'h 
ill ‘■'due iii'-tanrc'- it wouhl seem that such an event must occur to 
ai-roiint tor the clinical jiicture." With the excejitiou ot the tletonniiy 
uf the hrain which i" causc'l hy <Hsplacement from the overlyin.e: clot, 
urn-^ly or wicn»-copically little is seen in this orijan that is pathohe^ic. 
'I'hicheninji of the vessels an<l areas of ccrehral sottenin.” may occur, 
hut prohahly not more fre'iuently than in normal ]>ersf>ns of correspoiui- 
iii" ;i'ce. After removal of the hem.-itoma. the cerehnil ftinciioiis fully 
recover with amazimi rapiilily. The skull shows little change. In cer- 
tain instances thi-re is uudouhieflly ;m increasefl vascularity of the hone, 
hut v.'lietlier this is <hie to the umlerlyin.:^ liem.atoina nr is merely a 
normal variation in iivliviiUial skulls, is not yet cletir. 

.Ml oliservers a^^ree that the symptomatolo<iy in these cases is char- 
acterize'! liy its varialiility. 'I'rauma. as a clinical and causative f.'ictor. 
is jifien so slight and ancient as to he almost iori;ottcn. A Inimp uu 
the hea'l. a fall not accompanied hy unconscioiisTK'ss, n slap in the face, 
a Mow received in hoxino, an injury in fooihall scrimmage or even 
lepeated slii;ht trauma, as in Trotter’s case itt which a workman fre- 
'lueiitly liumpe'l his head against a low-lyint; beam in the workshop, or in 
the case cited hy Kasemeyer. in wliich children were snhjecte'l to ahtise 
hy their eiianliaiis. have l>een re|»'»rted as causative factors. In some 
iu'ta’.'.cv'. the trauma is nudonhtedly severe, causiu” coucussinu and 
loiuiisioii of the hr.ain and even fracture of the skull, as in c:ise (> •>: 
ihis scries. Trott«T helieves that injury received in the froiual or 
'•'.vipital 'e^i'in is more likely to "ive rise to ;t skuv hemorrh<'i'.;e than 
il it Were ure-.ved oti the sjdv of the head, as tlie falx acts as a hulTer 
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senting but slight impairment or none, it is seen that in the first group 
there is a smaller number of good or excellent results. Good results 
were obtained in all cases in which the anterior arch was not impaired 
or only slightly flattened. Unquestionably, a foot with a severely 
impaired anterior arch is more difficult to deal with than a relatively 
normal foot (table 1). 

Callosities beneath the metatarsal heads were unaffected or increased 
in 73 per cent of all cases, and they were improved in 27 per ^nt. 

Dorsal Flexion: Before operation, dorsal flexion was found to be 
limited to 95 degrees and over in 135 cases, and after operation it was 

Table 1. — The Effect of Flattening of the Anterior Arch on the End-Result 


Moderate or Severe, Slight or None, Entire Series, 


End-Besult Percentage Percentage Percentage 

Excellent 35 49 40 

Good 33 40.6 S5.5 

Pair 18 10.2 16 

Poor. 13.2 . . 7.5 


Table 2. — Influence of Preoperative Arthritis on End-Result 


Slight, Moderate, Severe, Entire Series, 

End-Result Percentage Percentage Percentage Percentage 

Excellent 43 24 S 40 

Good 14 48 16 30.6 

Pair 28 7 42 16 

Poor 14 21 32 7.5 


Table 3. — Influence of Postoperative Arthritis on End-Result 



Slight, 

Moderate, 

Severe, 

Entire Scries, 

End-Result , 

Percentage 

Percentage 

Percentage 

Percentage 

Excellent 

, . . ^5 

4 


40 

Good 

m • * iiO 

48 


36.5 

Pair 


11 

25 

16 

Poor. 

. . . . • 

37 

75 

7.5 


thus limited in 100 cases. The difference corresponds almost exactly to 
the thirty-four cases in which the achilles tendon was lengthened for 
symptoms referable to a short calf. 

Pronation was noted as moderate or severe before the operative 
procedure in 138 cases, and in 136 afterward. Operation did not make 
any essential change in this respect. 

Arthritis . — ^Arthritis in the joint of the great toe before operation 
had a marked effect on the end-result. Fifty-five cases gave evidence of 
active arthritis in the metatarsophalangeal joint before operation. The 
presence of arthritis was determined by roentgen-ray examination in 
six of these cases. Table 2 shows the high percentage of cases with 
arthritis in which poor or fair end-results were obtained. 
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may vary in time, lasting from a few days to several months or even 
years. Usually the symptoms are those of increased pressure which 
progress in an irregular manner. Headache is perhaps the most com- 
mon symptom and may be merely a slight dull ache or a severe pain. 
While there is nothing definitely localizing in the location of the pain, 
frequently it is most severe on the side of the hemorrhage. Nausea 
and vomiting may be associated with the headache. Vertigo is likely 
to be a prominent symptom especially suggestive of frontal lobe or 
cerebellar localization. In two of the cases in this series, much time was 
given to considering whether the lesion was frontal or cerebellar. A 
true cerebellar ataxia was not seen, but the patient swayed in Romberg’s 
position, and at times showed a decided tendency to pitch backward. 
An atypical nystagmus or roving of the eyes may be present, which is 
generally of horizontal or mixed character. Double vision may occur, 
but is usually transient. The temperature hovers around normal or 
may vary from subnormal to about 100 degrees. Some authors claim 
that periods of I'ise in temperature are associated with fresh bleeding 
into the hematoma. The periods of subnormal temperature raise the 
suspicion of brain abscess. 

The mental condition in some instances may act as a fair index of 
the pathologic condition. Many cases have been reported from insti- 
tutions for the insane. The patients are likely to be irritable, untidy, 
obscene — in short, almost unmanageable. In a recent case in which the 
pathologic condition was not definitely proved, for months the patient 
was disoriented as to time and place, carried on conversations regard- 
ing irrelevant matters, and at times required restraint. At other times, 
his mental condition was clear and normal. Symptoms of this nature 
may run on for indefinite periods, the patient presenting signs of 
increased intracranial pressure with few, if any, localizing signs. There 
may be bilateral choked disks which gradually show increasing elevation, 
with hemorrhages and exudates present. Frequently, the process is 
more marked on the side of the hemorrhage. General or focal convul- 
sions may occur, which may be associated with, or usher in, the 
terminal phase of the disease. In three of the six cases reported, the 
patient had Jacksonian attacks shortly before operation, these attacks 
being the most reliable localizing sign. In all of them, there was twitch- 
ing of the contralateral arm and face, the leg not participating except 
when the attack became general. Mild seizures may occur in which the 
patient is conscious but describes a transient numbness of the hand or 
face, not associated with any motor manifestations and disappearing 
in a few minutes. For the most part, repeated examination of the 
reflexes may not help to localize the lesion, although ultimately the 
patient may show a definite inequalit}* of both superficial and deep 
reflexes which indicates the side of the lesion. This was true in four 
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After operation, at the final examinatioti. arthritis was noted in tony- 
six cases. 'J'hc j^ercenlage of poor results is very high among the 
I);aients who had this complication in moderate or severe <lcgrcc 
f table 3). 

In view of these observations in regard to the infiuence of arthritis 
on the end-results, it is worth while to institute antiarthritic measures in 
any case of hallux valgus which presents the slightest evidence of an 
arthritic tendency. 

COMPARISON OP THE OPERATIVE PROCEDURES 

In comparing the various types of operative procedures, it would be 
unfair to cotidemn any of those which were used in onh’ a few cases. 
In my experience, however, the resection of the metatarsal head has 
been the most satisfactory procedure in the greatest number of cases. It 
has given good flexion and extension and control of the toe. a marked 

TAnt.F. A. — Comparaiit'c End-RcsuUs 


IliiUiis Arfrapi* .tvrrnpc Control Good or Good or 



Vnipii*' 

Xo. ol 

No. ol 

ol Too, 

E.\r»‘llont 

It-vrolloiit 


Improve- 

Doprj'Oe ol l>l-prH« ol 

Good or 

Co'motlc 

I'unoUona 


inoni In 

Ksirn* 

ri#'x!on 

Esoollont, 


Ri-iilt*-, 


PotormUy, 

slon ol 

ol 

Pot- 

Por- 

I’or- 


Dopro's 

Great T<k? Grrat Ton 

pontiipo 
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fontat’o 
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211 

42 
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CT 
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improvement in tlic tlcftjrmiiy and a large jiercentage of good or e.xcelleni 
rt'Mihs. J lie simjtle excision of exoytosis, together with at le.ast one 
ihivtl t)f the metatar^al head, dtjes not .attempt to correct the def*»niiity, 
per ^e. It does not interfere in any way with the joint and gives good 
mobility autl control of the toe. and. by removal «»f a jtainfnl deformed 


overgrowth <tf the bone, makes the foot infinitely more comfortable, 
li jtn.j'crly }>erft)rmed. with wide exci.-ion of the excNtosis and removal 
of the jirojecting liji <m the first jthalanx. it is a satisfacKtry procedure. 

Table A shows a ccmitarivon t»f the end-results obtained in each of 
the vat:on< <>per.iiive jirocedurcs. 


c.\Usr_< or rAii.ui'.r. 

lie ir.i.t imp-.rtant can-e o: failure to achieve a g.-od .-e-uh mu-t 
be ;.nril.nle.; f. anhritis i,, metatars.-pknlaugea! b-im. Many of 
Ut-e v!;...;P7 -.erhap. r..: be -nbjected to f.j-rative 

1: ' per:;:!- t; i- indicted and the nv.bnhv .T the b,h;t i^ 
-'•■-h hn-;:,.'. n -h -n!-! made. The rem-v;:! ,.f a iedn-d 




J •/./■’f 'K.V. ///;*'. ?7 < i 


J 'I li? '■ Vi'j'.K W'l • ij <t31. (liltlTCIiOO ill tilt* ot 

v.c.ili.i ‘'r «-ii;i'iii'ily oi an i-Mrt'inity may 1 >l* :i'‘-<n'iriti-f| with 
fl'i w. \]>h:i‘-ia. tiMially fii the nutinr tyjn*. may I'cnir a? 

in iv.'M lii ihf ca-! '' 1 ha'«t‘ repnrtcl. h i;- iiMialiy tran-ient aivi i^ inovi 
: •.".'tavalf*] (Inrin;; the jicri***! nl ortica! itTii:iti'>n. which i> ar>Mci:ilc*I 
'..iili tl'.f i;:(-t;‘-'iiiiaii cpi^'Kle or it. The piihc rate i> iixiiaily .‘•Inw. 

,\ ‘-jiina! thiid f.\aminati'»n has hcen nf CMnsiderahh* interc't in that 
a ’.aiviii;: »!ri.'ric nf Nanlh'»chr«>inia is treijiiently jivesent, ‘I'iu; ihiid 
mav vaiv ircin a sh>'ln, smoky or Mood tin*:t>d color to a deej) yellow 
Mia’.v color, I'mally hccomini: clear. 'I'he character of the ihiid dejn-nd" 
lai;.'elv on the length <i{ time that has elajwed tr<tm the on-et of the 
kf jnoiiliane until the Iiimhar ]>imcinre was perjornu'd- Spinal thiid 
I'-'t- w< ie ))i‘n’ormed on live t»t tin* six patients 1 olisfrv(*d; the pre-sure 
was incK-ased in three, and the iiianomeiric readings wi*re if*'* mm., 
mm. anil mm., respectively, hy water manometer. In the t'ottrih 
imtai.ci* the spinal jlnid was j-ecorded as normal. In one instance, the 
liist pnnctnve, taken ahottt a week after the injury showed a smoky, 
•lieliily cloudy ihiid ;ind conlaine«l M cells per enhie millimeler, .\hotit 
ii n days later, the sjn'nal ihiiil showed a «le)iniie .\antlioehromi;i with 
IN cell* ].er cnkic millimeter. In anothi'r instance. ;i htmhar pnnetitro. 
wliii'h w.is ma<le .•iji]iro\imat«‘ly three months after the injury, showed 
a lieln sii.iw tailored ihiitl eontainii'U eelh ].er enhie millimeter. In 
one iietaiKc. the spinal linitl taken live months after the tttjnry showed 
.. ; ;.k* sij.iw tint with 2 eelh j ,t enhie millimeter: ,*ind in the I.*ist 
!;i*;afce, i!;c s<ndy made of a jiaiieni live months after tin* inittrv, 
*i-' \\i-ii a cle.’iv lini<! ar.d 1 c<ii per enhie millimeter. It is proh.-ihk* tlia.t 
t- I ki't «;.*(■ '.Muild l;a\e shown soim- ileeice of xanthochromia I'ad a 
iv.n '.n ’.''.n ctnie Inen ]ii ifomad e.'itlier. In oia* <■.•>'[• ,*i Innihar pimcinre 
"..* *.•■'. pitfo-nte.i on tl,.' pr.thnt hvcan-e of th.e Ivieh d.-.pc" oi 
:1 I'tiso...;,- i-o *c'n aj*..! ihr u;,r tiiai if il!.- h-sion were e re 
>' I'.iT. .1 ; I iniat'.'i;: ii! li.i- n.ei;*.*.!':! ir.ieht tesnh. 
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exostosis is a useful procedure in mam^ of these cases in which there 
is relatively free motion in the metatarsophalangeal joint. 

Severe deformit)’- of the foot as a whole, especially of the anterior 
arch, must be acknowledged as predisposing to a poor result. . None of 
the operative procedures will rehabilitate completely a defonned foot 
with inverted anterior arch, metatarsalgia and widespread first inter- 
osseous space. 

In patients with badly deformed feet, postoperative treatment, such 
as proper shoes or perhaps foot plates, is essential and is usually facili- 
tated b)' the removal of the painful bunion. 

In addition to these detrimental predisposing factors, some of the 
causes of failure to help these patients as obser\’-ed in the last eighty 
cases of the series are given in the following paragraphs. 

Inadequate Excision of Defonned Bone. — (a) Failure to remove 
enough of the metatarsal exostosis was noted in eleven cases, in one 
of which the patient has subsequently been operated on a second time. 
(b) Failure to remove the exostosis or projecting lip on the dorsal or 
medial surface of the proximal phalanx was a cause of complaint in ten 
cases (fig. 2). 

Sesamoids Beneath the First Metatarsal Head. — Painful sesamoids 
which had not been recognized were a cause of complaint in four cases 
and were subsequently removed in two of them. These are examined 
regularly now, and if they are tender or show hypertrophic changes 
they are excised. 

Failure to Select the Proper Operative Procedure or Poor Technic . — 

Three patients who have been subjected each to a different operative 
procedure, with poor end-results, have been advised -to return to the 
hospital for a resection of the metatarsal head. The selection of 
this more radical procedure in the first place might have avoided a poor 
result. 

CONCLUSIONS 

1. In this series the most satisfactory operation for correction of 
hallux valgus was resection of the metatarsal head, together with removal 
of exostosis. 

2. In selected cases with only moderate hallux valgus and in which 
the patients complained of a painful exostosis and inflamed bursa as 
the chief source of annoyance, wide excision of the exostoses alone 
gave satisfactor}' results. 

3. Other operative procedures have not been found as satisfactory. 

4. The presence of chronic arthritis in the joint of the great toe 
predisposes to an unfavorable outcome in direct proportion to its degree 
of severity. 
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as the procedure of choice. The postoperative course in the majority of 
cases has been more or less stormy. This has been attributed to edema of 
the brain following removal of the clot. Several patients have been 
studied in whom the wound was reopened several days later, because it 
was thought that a secondary hemorrhage had occurred ; a tight swollen 
brain was almost invariably found. There is apparently little danger 
of bleeding from the under surface of the dura and even less from the 
pial surface of the brain following the removal of the linings of the 
hematoma. Undoubtedly there is, for the time being, an excessive 
accumulation of cerebrospinal fluid. In four of my cases an osteoplastic 
flap was performed on the patients with the removal of the hematoma 
and membranes, and in two of these decompression openings were 
provided. In all instances there was a rather sharp temperature reaction 
immediately following the operation and a moderate amount of eleva- 
tion of the flap. After the first two operations, drainage was not 
employed, and it was necessary to open the scalp enough to allow the 
escape of the fluid. This continued for a week or ten days, then ceased. 
In two cases, drainage was provided, the drain being removed on the 
second or tliird day following the operation. In both of these instances 
there was a rather copious drainage for a week, which gradually 
ceased. In one instance, a simple decompression was made, with 
evacuation of the contents of the hematoma, but the capsule was not 
removed. The patient’s recovery was prompt and satisfactory. Trotter 
states that not infrequently these hematomas may be bilateral, and 
Putnam suggests that exploratory cranial dural puncture over the sus- 
pected hemisphere “will give most reliable evidence of the presence or 
otherwise of a clot.” In one case when the patient was thought to have 
a chronic subdural hemorrhage, I used this method, making four 
trephine openings in the skull and opening the dura enough to pass a 
brain spoon beneath. Hemorrhage was not encountered over either 
hemisphere, and the subsequent recovery of the patient would seem to 
indicate that a massive clot had not formed. 

CASE REPORTS 

Case 1. — Chronic subdural hcviatoma, right side, occasioned by fall, striking 
occiput. Immediate symptoms trivial — gradual development of pressure symptoms 
and headache. Fezv localizing signs; side of lesion revealed by ventriculography. 
Death sir months after injury — large encapsulated subdural hemorrhage disclosed 
at autopsy. 

History. — A man, aged S3, married, a butter cutter, was admitted to the 
Los Angeles General Hospital on Aug. 23, 1923, in a stuporous condition. He 
could be roused enough to whisper, but did not give intelligent answers. Four 
and a half months previously he had been in an automobile accident in which his 
right shoulder was dislocated and his scalp lacerated. The injury of the head 
was not considered severe. After staying in a local hospital for two days, he was 
sent home. He soon began to complain of headaches. .A.t first they were not 
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5. An ajilcrior arch llial is severely imj)aire(l is a serious handicap 
in aclu'evinj,' a j^ood result in the oj)erative treatment r»f hallux valtjus. 

0 . Inadequate excision of the metatarsal and jdialanjjeal exost«iscs 
leaves hony spicules which cause suhsequent ])ain. Care sh<»uld he taken 
to remove all loose fra.cttnents of hone or hone sand. 

7. The sesamoids beneath the metatarsal head shouhl he examined 
as a cause of ])ain, and removed if necessary. 

S, 'Fhc ])ro])er selection f>f the ojicrativc procedure to fit the individual 
case is of j^rcat imj)ortance. 

29 Si.xty-friiirilj Street. 
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CHRONIC SUBDURAL HEMATOMA 


REPORT OF SEVEN CASES * 

CARL W. RAND, M.D. 

LOS ANGELES 

During the summer of 1923, a group of clinicians were puzzling over 
the condition of a patient who had been admitted to the neurosurgical 
service of the Los Angeles General Hospital, suspected of having a tumor 
of the brain. Localization of the lesion by ordinary methods of neuro- 
logic examination proved baffling, but was finally accomplished by the 
inflation of the ventricles with air. The night before exploratory 
craniotomy was to have been performed, the patient suddenly died, and 
at the autopsy an unsuspected type of chronic subdural hemorrhage was 
discovered. At the time this case was unique in my experience, although 
since then six additional cases have been encountered, which, together 
with the first, form the basis of this report. 

These cases differ symptomatically and pathologically from the 
meningeal type of epidural or subdural hemorrhage which usually 
follow injuries of the head, and more closely resemble the picture of 
pachymeningitis hemorrhagica interna of spontaneous origin. They 
all have been relatively late sequelae of major, or more commonly, of 
minor injuries of the head, and the patients have come to operation or 
autopsy at periods varying from six weeks to eight months after trauma. 
The pathologic condition has been almost the same, namely, a circum- 
scribed massive subdural hemorrhage in varying stages of formation or 
recession, in each instance surrounded by a discrete capsule. Putnam 
and Cushing^ recently made an exhaustive study of chronic subdural 
hematoma, in which they point out that such cases are more common 
than had been thought probable. They discuss the pathologic condition, 
especially in relation to pach 3 ’’meningities hemorrhagica interna of non- 
traumatic origin, and have given valuable hints as to the operative treat- 
ment. I have drawn freely on their discussion in the consideration of 
the subject. 

*This rare type of late subdural hemorrhage of traumatic origin has been 
discussed in the literature under many and varying names. It has perhaps been 
most frequently referred to as traumatic subdural hemorrhage, encapsulated sub- 
dural hemorrhage, chronic subdural hemorrhage, encysted subdural hemorrhage, 
pachymeningitis hemorrhagica interna, pachymeningitis hemorrhagica interna 
traumatica, hematoma durae matris, etc. The term chronic subdural hematoma is 
perhaps becoming more frequently used and has been chosen because it seems to 
fit the pathologic conditions more consistently than any other. 

1. Putnam. T, J., and Cushing, H. : Chronic Subdural Hematoma, Arch. 
Surg. 11:329 (Sept.) 1925. 
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Had a right subtemporal decompression been performed to relieve the 
pressure, the hemorrhage would have been disclosed, and it is not 
unlikely that the outcome would have been different. 

Case 2. — Chronic subdural hematoma, left side, with gradually increasing signs 
of increased pressure for six Weeks, foUoiving injury sustained in boxing. 
Jacksonian episode and aphasia developed late. Removal of hematoma at opera- 
tion. Recovery. 

History. — F. R., a man, aged 42, married, physician, was first seen on Nov. 8, 
1923, in consultation with Dr. H. Douglas Eaton of Los Angeles. The patient used 
alcohol in moderation. His general health had always been good. While his 
acute symptoms dated from October 24, he had been subject to headaches for 
several weeks prior to that date. About a month earlier, the patient decided that 
he was putting on too much weight and that he needed more exercise. He started 
strenuous daily gymnastic work, principally boxing. He noticed that his head- 
aches became severe during exercise, so that at times he had to stop and rest. He 
complained of stiffness of the neck and pain at the back of his head, and he would 
frequently press his head forward against his hands for relief. During the last 
week in September, he received a severe blow on the nose which did not knock 
him down. During the boxing bouts he never received a knockout blow. The 
week following this blow on the nose, he was logy and more drowsy than usual; 
the discomfort in the back of his head and neck was more marked. On October 26, 
he attended to his practice as usual and boxed an hour and a half. During the 
match he received a blow over the right eye sufficient to cause ecchymosis and to 
bring him to his right knee; however, he was not unconscious, nor did his head 
strike the floor. After the exercise he finished his office work, in spite of a severe 
headache. He was more drowsy than usual at dinner time. His headache con- 
tinued to grow worse. About 8 p. m., he took 10 grains (0.6 Gm.) of acetylsalicylic 
acid and a hot bath before retiring. Later he took grain (0.03 Gm.) of codeine 
and mild mercurous chloride by mouth and immediately vomited large quantities 
of bile stained fluid. He slept well all night. The next morning, October 27, he 
felt some better, and that afternoon dressed and went downstairs, where he spent 
most of the time lying down. His headache was still severe and that night he was 
restless, twitched in his sleep, and between 3 and 4 o’clock in the morning had 
a generalized spasm. He was unconscious, his color was ashy, and all extremi- 
ties were in a generalized convulsion. His head was drawn to the left, his teeth 
were clenched, and he frothed at the mouth. The coma lasted from thirty minutes 
to an hour. On waking, a difficulty of speech was noticed ; in fact, his speech was 
thick and mumbling until late in the morning. About 3 :30 that afternoon, while 
lying on the couch talking to his wife, the patient felt that he could not speak. He 
got up, walked over to a table and started to write a message. The writing was 
steady, but there was repetition of the words and the whole product was without 
meaning. He then had a generalized convulsion, more severe and longer than 
the previovis one, but with the same general characteristics. Dr. Eaton saw him 
at 8 o’clock that evening, and the results of his examination are given in the 
following paragraph. 

E.vamination. — The patient was lying quietly in bed. He was conscious and 
apparently ill, but not extremely so. The color of the face was dusky, somewhat 
cyanotic. The nutrition was good. There was no evidence of injury to the scalp. 
The face was somewhat asymmetrical, but this was a normal characteristic; the 
left side was flatter and the left corner of the mouth was lower. There were 
pouches under both eyes, which seemed to indicate fairly rapid and recent loss of 
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Chronic su!)(hiral hematoma has lonsj heen rccMjrnized under various 
names, although the majority of the earlier eases were apparently con- 
sirlcrcd to be of the nontraumatic variety. It is probable that even in 
the earlier reports, an overlooked injury to the head may have preceded 
the fonnation of the clot, since in the mtwc recent reports of typical 
cases, the injury was not infrequently slight, in some instances so trivial 
as to be given little consideration. Among the earliest writers. Wepfer - 
referred to the lesirm as a “blood-cyst.'* .and later. Houssard •• accomued 
for the surrounding c;i])sulc .as being made up of fibrin, while others 
have supposed it to be composed of the inner ami outer layers of the 
dura, which were sjilit and thus surroumled the clot. Gradually, the 
idea of inll.ammation developed, which prob.ably .accounts for the tenu 
pachymeningitis hemorrhagica intenia being used in describing these 
cases. \’irchow * gave the first clear dc.<crij)tion of the true jiosition of 
the hemorrhage in its relation to the .surrounding envelopes of the brain. 
He demonstr.ated that it does not lie within the Layers of the dura, nr 
umler the anichnoid membr.ane. but in the subdural .sjiacc. He assumed 
that in some eltlerly people there might be a chronic thickening or 
inllammation of the dura, with re.sulting fibrin formation. Under cer- 
tain conditions of strain the capillaries that had grown into the fibrin 
gave w.ay and small hemorrhages fonncfl. He used the term pachy- 
meningitis chronica interna for the cases which did not show gross 
hemorrhage, ami pachymeningitis hemorrhagica, for the cases in which 
massive hemorrhage occurred. He called the blood cy.sts, hematomas 
of the dura, and jiointed out that under certain conditions they might 
become ma*;sive. in which event they Avere usually fatal. 

.‘'])()ntaneous pachymeningitis hemorrhagica interna may occur in 
a person who uses ;ilc<ihol extensively, Kremiansky ' was able to obtain 


a close reproducti«in of the lesion by feeding brandy to dogs. Sperling'' 
injected whole blootl under the <luni and rejiorted a resulting membrane 
about the clot which, in .>;ome respects, resembled the si>ontaneotis lesion. 
Injection*, of defibrinated bbiod ]>robab!y woulcl not give thi'^ re-ult. 
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from the contents of the sac. Barrett,' Rosenberg,® Biidinger® and 
others failed to find bacteria, either in smears or cultures taken from 
their specimens. It was Kasemeyer,^® perhaps, who gave the first proof 
of the relation of trauma in these cases and emphasized the fact of the 
late occurrence of the symptoms. 

There is a great similarity in the pathologic condition seen in chronic 
spontaneous hemorrhages and those of traumatic origin. In each 
instance, the clot is surrounded by a distinct lining or neomembrane 
which is thicker on the dural side and thinner on the arachnoid side. 
Lamination of the walls has been described by Wiglesworth and other 
observers, but it is not frequently seen. The subdural neomembrane 
usually measures from 1 to 4 mm. in thiclcness; it is opaque, well 
formed and composed of fibrous tissue. It is moderately adherent to the 
dura by fine senechial bands, leaving a denuded area of petechial hemor- 
rhage generally distributed under this membrane, from which it can 
easily be separated. The membrane contains capillaries in varying num- 
bers and varying stages of formation, and in many ways resembles 
ordinary granulation or fibrous tissue, depending largely on its age. 
Putnam has called attention to the fact that “the characteristic feature 
of the membrane is the presence of large spaces of irregular form but 
in general elongated, most of which lie in a definite uniform line parallel 
to the surface of the dura, separated from it by the thickness of a few 
fibroblasts.” These spaces are lined by definite mesothelial cells. 
Putnam considers the spaces as characteristic of the reaction to the 
traumatic type of subdural hemorrhage; they are seldom, if ever, seen 
in the spontaneous form of pachymeningitis hemorrhagica interna. He 
states : 

In general it appears that the longer the interval between the trauma and the 
removal of the specimen, the larger and more irregular are the spaces. . . • 
The fact that the spaces described are removed intact when the membrane is 
stripped from the dura instead of forming a line of cleavage in themselves, is 
evidence that their walls have a definite strength and structure and are not 
artefacts. 


7. Barrett, J. O. W. : On Pachymeningitis Hemorrhagica Interna, Brain 
25:181, 1902. 

8. Rosenberg, O. ; Die Pachymeningitis hemorrhagica interna im Kinder- 
salter, Ergeben. d. inn. Med. u. Kinderh. 20:549, 1921. 

9. Budinger. K. : Die Ursachen der Spatsymptome nach duralen Blutungen, 
Med. Klin. 17:584 (May 15) 1921. 

10. Kasemeyer, E. : Ueber post-traumatischc Pachymeningitis unter dem Bild 
der post traumatischen Xeiirosen, Friedriech’s Bl. f. gerichtl. Med. 62:293, 339 
and 401, 1911. 

11. Wiglesworth. J. : Remarks on the Pathologj' of the So-called Pachymen- 
ingitis Interna Hemorrhagica, Brain 15:431, 1892. 
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\'on Saar and Herschmann have «)l)scrved similar sj^accs. 
Dcj'CMieralive projiressive changes may occur in rhe snhdnral memhrane: 
even calcification has been descrihed by Lewis'" and J-'lsner," and 
fatty dc/^cneralion of the vessels is mentioned by Charcot and \‘nlpian.’- 
Hne.yenin found fatty de.i^cncralion an<l thrombosis of the cerebral 
veins in the pia. and at their entrance to the lonijitudinal sinus, awl he 
describe<l cases in which points of rupture of these vessels were noted 
brtth in the pia and near the sinus. This conditiim has occurred in three 
patients in the cases reported, and it would seem that bleedine: from the 
pial vessels is one of the sources of the hematoma. 

'J'he inner or arachnoid portion of the membrane is much thinner 
than the dural side, atid is translucent or scmitransjiarent. It is essen- 
tially avascular, and consists of a thin sheet made U]) of several layers 
f)f mesothelial cells. For the most part, it lies almost free over the 
tinderlyin.ii: arachnoid. althou}j;h it may be loosely attached U\ this ttiem- 
brane here and there by fine bloodless syjicchias. and can be separated 
easily from its arachnoid surface by blunt dissection, .\ftcr its reiwtval. 
the j)ia-arachnoid usually presents a yellowish tinj^e. In one of j’utnam’s 
cases, it was studied microscojjically and found to be normal. The 
yellow color of the arachnoid and the ]>ia is assumed to be due to the 
transformation of hemojilobin into biliverdin and bilirubin by the 
reactive jtowers of the mesothelial cells of the araclnn)i<l. of which the 
inner wall of the hematoma is composed. .Some observers have described 
a thickeniujf of the arachnoid with adhesions to the neotnembrane. 'Phis 
particularly true in experimental animals. Raniaer’* atnl Hastin’" 
j'laced considerable etn])hasis on this and rejjarded the arachnoid as the 
primary seat of the disease, with the undcrlyinii )nal vessels ;is the 
-imree «tf hemorrhasie. 'I'rotter likewise feels that there can be little 
<lonlit that the bleedinj; is of venous orisjin. and "that it is nearly certain 
that the cerebr.al veins j)assini; fnnn the brain l»> the tributaries of the 
-tiperior lojtj;itndinal sinus are nearly always the source of the bloo<l." 
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(However, he states “that the enclosing membrane seemed to be derived 
from the organization of the outer layer of the clot . . , and it 

is not impossible that the arachnoid contributes to the inner layer of 
the cyst”.) In two patients of my series this seemed to be true. The 
neomembrane in one was found to be locally thickened and tightly 
adherent to the arachnoid, so that in dissecting it away, a small patch of 
the membrane had to be left in situ (fig. 1 ) . The underlying pial vein 
was found to be thrombosed on one side and engorged on the other, 
giving the impression that this was at least a possible source of hemor- 
rhage. In one patient, these adhesions and thrombosis were found in 
the mid-prerolandic area, and in the second, at the large veins lying at 
the junction of the rolandic and sylvian fissures. 

The location of the hemorrhage is most common in the frontal and 
parietal regions, and it may frequently be bilateral. Trotter has empha- 
sized this particularly, estimating that the hematomas may be bilateral 
in from one third to one half of the cases, and has pointed out the 
surgical importance of such a possibility. Multiple blood cysts have 
been described ; they may occur in the basal meninges or even about the 
spinal cord, but such instances are probably exceedingly rare. Multiple 
hematomas have never been reported over the. same hemisphere. 

The hematoma may vary in size from a petechial formation to a 
massive clot which may displace a large part of one cerebral hemisphere. 
The small hemorrhages are undoubtedly far more common than the 
large, and in all likelihood undergo recessive changes and absorption 
giAung rise to few, if any, clinical symptoms, and pass unsuspected. 
The large hematomas probably increase slowly in size, which allows 
the brain to accommodate itself to the gradually increasing pressure 
conditions, and accounts for the fact that the symptoms are delayed 
in appearance and that definitely localizing phenomena are rare until 
the end is near. Cases have been reported in which the hematoma was 
discovered at operation or autops)'- from a few days or weeks to as long 
as five 5’’ears following the injury. The contents of the cyst vary largely 
according to its age. Probably the earliest observation is a black 
gelatinous blood clot resembling that found in spontaneous hemorrhage 
from the middle meningeal. Gradually the clot becomes encapsu- 
lated; its contents soften and liquefy, and may become coffee colored 
fluid in which float fragments of black disorganizing clots of A'^arying 
size; later, the fluid becomes greenish or yelloAV, closely resembling 
the contents of a gliomatous cyst. On one occasion, the greenish con- 
tents of a subdural hematoma of ten AA’-eeks’ standing AA'ere tested for 
bile pigments, but none AA’as found. If time enough elapses, the fluid 
may become colorless. VirchoAv recognized this, and belicAung that the 
contents eA’entually contained clear serum. gaA’^e the name “liA'groma of 
the dura” to the condition. 
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The patient received no prophylactic treatment of any kind ; she was well when 
last traced, more than three years later. 

Case 29. — Periosteal sarcoma of humerus, 7riih fuUnouary metoslascs; cJinical 
and rocnigen-ray diagnosis; recovery under toxin treatment alone: veil eiahi years, 
B., a man, aged 24, while riding on an engine, lost his balance ajnl it ll, striking 
the running board and receiving a severe strain of his shoulder. Shortly aftcr- 



Fig. 56 (case 122 in table 7).— Central sarcoma of feinisr: clir.iral ..r: ! r 
ray diagnosis: benign giant cell tum<>r; no imi)r<)VenKn! uiahr j>r>4 
tion; proved a malignant central sarcoma. The j>:;ti(:!t dit d < ;;*■ 


; d:--- 


V-z. 


ward he felt pain, and later a swelling developed in tlie 
this grew rapidly, invtdving the whole ujtper e.m!: 
dilated. spontaneous fr.-iCturc occurred shortly 
examination showed a met.astxitic growth of th.- lure. 


upj'-.r end o: the 

th.e ’.tin-, wrre r'.:.rl> dly 

Is 'If r V. fc* r^l ♦ ' y 
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An exploratory operation was performed by Dr. L. D. Mackid of Calgary, 
Canada, in February, 1918, at which time a large amount of gelatinous sarcoma- 
like material was evacuated; the condition was regarded as hopeless from a sur- 
gical point of view. In March, 1918, Dr. Mackid began the use of the mixed 
toxins, pushing the dose to the point of producing a severe reaction. At the 
end of two months the disease was apparently under complete control; there was 
no further increase in the size of the tumor and it gradually grew smaller. The 
toxin treatment was kept up until July, when he was given a rest of three months, 
after which the injections were resumed by our advice. The spontaneous 
fracture reunited, the patient gradually regained complete use of his arm, and 
his general health returned to normal. He was still in excellent condition, and 
working on a farm, seven years later. Roentgenograms were taken before and 
after treatment. The patient was well in July, 1926, eight years later. 

Case 30. — Osteochondrosarcoma of humerus. E. J. D., a man, aged 27, with 
a negative family history, had always been in good health until September, 1917, 
when, preparatory to entering the army, he was given a series of vaccinations in 
the muscles of the upper part of the right arm. A few weeks later he complained 
of soreness at the site of the inoculations, also of loss of function of the arm; a 
swelling appeared and slowly increased in size. In January, 1919, he was operated 
on by Dr. James M. Hitzrot at the New York Hospital ; a portion of the humerus 
was resected and grafts from the tibia were implanted. 

The microscopic report of Dr. W. G. Elser, pathologist to the New York Hos- 
pital, was : “Osteochondrosarcoma ; diffuse, infiltrating growth involving the entire 
bone, extending into the surrounding muscle and fascia; extensive infiltration of 
muscle tissue. Diagnosis : osteogenic sarcoma.” This diagnosis was later confirmed 
by Ewing. February 28, the patient was referred to us for radium treatment. 
Physical examination on admission to the Memorial Hospital at this time showed 
that the wound had healed and there was no evidence of the tumor remaining. 

From Feb. 28, 1919, to May 16, 1921, he received 82,417 millicurie hours of 
radium in the form of a pack at 6 cm. distance. Frequent roentgen-ray examina- 
tions were made by Dr. Douglas Quick, who reported as follows : April 12, destruc- 
tive process advancing in the upper end of resected humerus ; May 9, 1919, malig- 
nant process in humerus steadily advancing; June 3, 1919, some attempt at callus 
formation about point of junction with the bone graft; it is very doubtful if there 
is any advance in the malignant process ; June 28, 1919, considerable callous forma- 
tion but no suggestion of new growth. 

A curettage was done by one of us, July 21, 1919, and the specimen was sub- 
mitted to Ewing for microscopic examination, who reported, “No definite tumor 
tissue but many dark staining round cells.” 

The patient was discharged from the Memorial Hospital on Nov. 29, 1919, at 
which time there was no evidence of a return of the tumor. A recent note from 
him states that he is still well, more than six years after treatment. This case 
was reported in the Bone Sarcoma Registry. 

Case 31. — Periosteal sarcoma of femur; hip joint amputation followed byi 
to.rin treatment; patient zvcll three years later. 

H. P., a man, aged 27, with a negative family history, in October, 1912, received 
an injury to the upper part of the left femur; two or three weeks later he began 
to have pain in this region, but noticed no enlargement until January, 1912, when 
he observed a fusiform swelling in the upper part of the femur. This rapidly 
increased in size, and was accompanied by marked deterioration in general health. 
The patient was referred to us by Dr. William L. Bradley of New York City, 




Fi};. 5. — RcprfKiijced from sketches made at operation case 5. Scliematic appear- 
ance of the hematoma after reflection of the dura. The outer or subdural mem- 
brane is shown hu1);in); above the cut edpes of the dura. The marked compression 
of the underlyinp; hrain is seen. This usually amounts to from 3 to 6 cm. at the 
thickest iwrtion of the hematoma. Note how abruptly and concretely the hematoma 
ends, heins attacheil at its edge to the umlerlyiiiR corte.x merely by a thin film 
of adhesions. The sire and location of the entire hematoma is indicated by the 
shaded area. 
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, History.— W. L., a man, aged 62, married, who was first admitted to the 
Los Angeles General Hospital on Jan. 16, 1926, about 9 o’clock that morning 
while alighting from a street car had been struck by an automobile and had 
become unconscious. He was taken to the City Receiving Hospital, and from 
there transferred to the Los Angeles General Hospital, where he arrived in a 
stuporous condition. He remembered nothing of what had happened until after 
his admission to the General Hospital. Later in the day, he complained of intense 
headache, was nauseated and vomited. He was drowsy at times. There was a 
hematoma over the right temporal region, with a laceration of the scalp 2 cm. in 
length. 

On January 17, the second day in the hospital, he was conscious, and his 
mental condition was clear. The lids of both eyes were swollen and discolored. 
The pupils were equal, regular and reacted sluggishly to light. An examination 
of the eyegrounds showed the nasal margins of the disks to be hazy and the 
temporal margins, clear. The vessels did not show any unusual changes. Hemor- 
rhages or exudates were not present, nor any measurable elevation of the retinal 
structures. Cranial nerve disturbances were not made out, nor were there any 
motor or sensory disturbances of the extremities. The deep reflexes of the upper 
extremities were present, unusually active and equal. The knee and achilles 
tendon reflexes were sluggish, but about equal. Abdominal reflexes of the 
Babinski group and ankle clonus were not obtained on either side. The patient’s 
temperature varied from 97.8 to 98 F. ; the pulse rate, from 64 to 92 ; respirations 
remained constant at about 20, Roentgenograms of the skull showed a linear 
fracture of the right frontal region running down into the right orbit. The case 
was considered one of linear fracture of tlie skull and concussion of the brain, 
the patient going through the usual period of headache. He was allowed up on 
February 3, eighteen days after the injury. On February 7, he was discharged 
from the hospital, having been up and about the ward for four or five days. At 
that time he was not complaining of headache, and he walked out in good 
condition. 

E.raminatiou. — On March 29, the patient was readmitted to the hospital with a 
diagnosis of “post-traumatic hysteria.” He was confused mentally, did not answer 
questions, and did not cooperate well on examination. On April 1, it was noticed 
that the right pupil was considerably larger than the left. Both pupils reacted to 
light and to accommodation. Nystagmus was not noted. The left grip was 
considerably weaker than the right, while the strength of the legs seemed equal. 
The abdominal and epigastric reflexes were normal and equal; the cremasteric 
reflexes were sluggish and equal, and the deep reflexes of the upper and lower 
extremities were much exaggerated and about equal ; it was questionable whether 
they were greater on the right side than on the left. Abnormal reflexes of the 
Babinski group and ankle clonus were not present on either side. The general 
physical examination, as far as the heart, lungs and abdomen were concerned, was 
normal. On April 3, his stupor deepened, and during the afternoon he became 
unconscious. By 8 o’clock in the evening, his coma was so deep that he could 
not be roused by any ordinary means of stimulation. His pulse rate had dropped 
to 48. The right pupil was still somewhat larger than the left. An examination 
of the eyegrounds revealed considerable haziness of the margins of the disk on 
the right side, with obliteration of the optic cup and moderate engorgement of 
the veins. The retina appeared normal. Hemorrhages and exudates were not 
present, nor any measurable elevation, or embedding of the vessels. The fundus 
on the left side showed a similar picture, e.xcept that there was less haziness of 
the temporal disk margin, and the optic cup could be distinctly seen. The vessels 
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I'ii;. (t. — irf)m sketches taken at operation in case 5. Schematic appcarajice 
<if tlie heinatoina after tlie outer membrane had been opened and the contents of the 
sac evacnated. The inner neomemhranc can he seen to he of a liftld preenish 
tin^e and is translucent. The nnderlyinii convolutions of the brain can he seen 
shinin>i thronsh. This membrane is freely jnovahle over the underlying brain. 
The fjreenish tin.ee is largely due to the traifsinittcd color of the brain which has 
a decided yellowish tinge underlying the hematoma. The si/e and location of the 
entire hematoma is indicated by ihe shaded area. 
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neomembrane was examined. It was translucent, the underlying convolutions 
of the brain being visible beneath it, and as one passed the finger between it and 
the cortex the membrane separated easily. The gloved finger could be seen 
almost as plainly through this meinbranc as if it were not covered. The con- 
volutions of the brain were flattened and the pial vessels congested, but not 
streaked with new tissue. .The arachnoid did not appear to be bluish or thickened. 
The cortex was of a slight yellowish color. The inner lining membrane of the 
hematoma was separated from the surface of the brain as far as the finger could 
reach in all directions, but it was not removed. Sections of the outer membrane 
and dura were taken for microscopic study. The entire procedure was almost 
bloodless, as the outer neomembrane was not separated from the under surface of 
the dura. A folded gutta-percha drain was placed over the cortex and brought 
out at the lower pole of the incision before a closure was made. The operative 
time was forty-five minutes. 

The patient was conscious on the following morning, but his mental condition 
was not clear. He used all extremities well. The Babinski sign and ankle clonus 
which were present just before operation, had almost disappeared. The spasticity 
of the extremities had disappeared. There was considerable drainage of yellowish 
cerebrospinal fluid through the dressings. The drain was removed on the second 
day, and the patient’s mental condition rapidly became clear. 

Comment . — This patient came under observation alniost immediately 
after his accident and remained in the ward for a little more than three 
weeks, when he was discharged, apparently recovered. Symptoms of 
acute intracranial pressure were never present, nor were there any local- 
izing signs. His case apparently belonged in the same class as many 
other cases of injury of the head diagnosed as linear fracture and 
concussion of the brain ; it ran the usual course seen in such cases of 
moderate severity. A lumbar puncture was not performed on his first 
admission, as his symptoms did not seem severe enough to indicate it. 
Following his discharge, a period of approximately seven weeks elapsed 
before he returned. He was unable to tell what had occurred during 
this interim, except to say that he had stayed at his boarding house most 
of the time, and that he had had periods of severe headache. He said 
that he had stayed in bed a few days prior to his readmission to the 
hospital; of this time he had little, if any, recollection. After removal 
of the contents of the hematoma, his mental condition cleared rapidly, 
and he remembered the period spent in the ward and his attending 
physicians during his first stay. Looking back on his case, it seems 
improbable that the hematoma could have been present during the 
period of his first admission. 

The operative procedure in this case was different from that in the 
others, a simple decompression instead of an osteoplastic flap being 
performed. This was chosen because of the patient’s age, and because 
his general condition was critical. Simple emptying of the hematoma 
seems to have given as prompt relief as the more extensive exploration 
with removal of the membranes. I have the impression that there was 
less cerebral edema following the decompression than in the other cases. 
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The fate of the lining membranes of the encapsulated hematoma fur- 
nishes interesting speculation. It would hardly seem that there would 
be as many adhesions to the underlying arachnoid as would result from 
allowing the brain to press against the raw inner surface of a dura from 
which the other membranes had been denuded. I doubt if drainage 
is necessary in cases in which simple decompression and evacuation 
of the contents of the hematoma are performed. It seems reasonable 
that there would be less oozing than when a more extensive operation 
is performed. 

Case 7. — Chronic subdural hematoma, left side. Patient, a nonagenarian, zvas 
struck on the head by an assailant. Unconscious only a few minutes. A period 
of three months followed during which his mental condition varied greatly. 
Mental changes were considered as incidental to his age. Autopsy revealed e.vten- 
sive subdural hematoma overlying left frontal lobe. 

History. — P. M., a Mexican, aged 90, when admitted to the Los Angeles 
General Hospital on May 28, 1926, stated that earlier in the day while walking 
along the street some one" came up behind him and struck him on the head. He 
was stunned by the blow and fell to the sidewalk, breaking the right olecranon. 
He recovered consciousness in a few minutes, but was still somewhat confused 
on his arrival at the hospital. 

Examination. — Examination revealed superficial abrasions of the scalp in the 
left parietal and occipital regions. The right olecranon was fractured. A small 
ventral hernia presented in the epigastrium, and was supposed to be a factor in 
producing attacks of hiccup which were persistent and distressing for days at a 
time during his illness. He did not complain of headache at any time, nor did he 
vomit. There were not any unusual irregularities or depressions felt in the 
calvarium. Roentgenograms of the skull failed to reveal a fracture. Results of 
the neurologic examination were essentially negative. The pupils were equal and 
reacted sluggishly to light and distance. Cranial nerve disturbances were not 
observed. He was never palsied in any extremity. All of the deep reflexes of 
the upper and lower extremities were present, being about normal and equal. 
Abnormal reflexes of the Babinski group were not obtained; nor was there ankle 
clonus on the right or the left side. The blood Wassermann reaction was negative. 
Spinal fluid studies were not carried out. The urine did not show any albumin, 
sugar or casts on the patient’s admission. During the last two months, the patient 
was incontinent. 

Course of Illness. — He was a weak old man, always mentally slow, at times 
rational, at other times irrational and stuporous. He was greatly annoyed by the 
periods of hiccup. At times he knew and conversed with his daughter and other 
members of his family who visited him. He had periods of restlessness and 
delirium when restraint was necessary, and other periods when he was decidedly 
drowsy. As time went on he gradually became weaker, and the drowsy spells 
became more prolonged. During the last month of his life, his friends remarked 
that “he didn’t seem much like himself.” Several times he went into a deep 
stupor, from which he would rouse after a day or two. His nurse said that 
“he lasted longer than anyone thought he would, and his pulse was good right 
along.” He went into a coma on August 21, and died on August 25, practically 
three months after his injury. The diagnosis at the time of death was concussion 
of the brain, fracture of the right olecranon and senility. 
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wcifihl. Tlicrc was ccchymosis in tlic loose tissues about the right eye, hut not 
in the conjunctiva or the sclera. The- cars were normal externally. There was 
no disttirhancc in the hearing and the car drums were normal. The ejes did 
not show any nystagmus, ptosis or paralysis t the pupils were equal and midw ide, 
the reflexes active and normal. The visual fields were roughly normal. Examina- 
tion of the fundi was unsatisfactory, due to natural smallness and persistent 
contraction of the pupils under the ophthalmoscopic light. Glimpses of the disk and 
vessels showed them to he normal, hut adequate examination was impossible 
without dilatation of the pupils. The nose was normal externally : smell and taste 
were normal. The mouth showed many slight abrasions of the mucous membrane; 
the tongue was tremendously coated and the breath foul. The teeth and gums 
were in good condition, and the pharynx showed a slight congestion hut 
absence of exudate. The tonsils were small. The chest was symmetrical ; the 
heart apex, fifth interspace, was normal in size, shape, position and action. The 
blood pressure was 132 .systolic and SO diastolic; the pulse rate was 66. TIic 
arteries did not indicate disproportionate arteriosclerosis for age. The radials 
were just palpable, the temporals observable and somewhat tortuous. The lungs 
were normal; the abdomen showed gas in the upper portion, without masses, 
tenderness or rigidity. The stomach and colon were found to be apjxircntly 
normal, by percussion. The liver, spleen and kidneys were not palpated. The 
genitalia were normal. The skin was normal, and the general muscular condition 
was good. The upi^er extremities did not show' incoordination, tremor or ataxia. 
The elbow and wrist reflexes were present ; they were equal and not exaggerated. 
The epigastric, abdominal and cremasteric reflexes were active and equal. There 
was no paralysis of cither arm, and the pow’er was good. TIic right arm showed 
the normal increase in power over the left. The ankle and patellar reflexes were 
present and were equal and diminished. Ankle clonus or abnormal plantar reflex 
to any test was not observed, although there was a que.stion of a pseudo-reaction 
on stroking the right foot. Sensory disturbance was not present. Sensations of 
pain, touch and temperature were normal, and accurately anti quickly localized. 
Sensation in the sclera, the conjunctiva and the pharynx was normal. There was 
no astcreognosis or adiadokokinesis ; joint and muscle sense was apparently normal, 
and simple or complex movements were accurately carried out. The Romberg 
test was suspicious and probably positive. There was slight .stiffness of the neck 
on deep flexion and a slight but definite Kcrnig sign on both sides. There was 


distinct difiiculty in speech, ajiparcntly of the motor aphasia type. .Ataxia and 
anarthria were absent, and evidence of bulbar symptoms was not found. 

On October 29. a lumbar pmteture showed the spinal fluid to be under greatly 
increased tension, well over -401) mm. pressure. It was blood streaked and remained 
so even in the third tube. On standing, however, it became clear. The cell cotnU 
showed Id white cells per cubic millimeter .and numerous red blood cells. Wasser- 
matin tests of the spinal fluid and blood were negative. .A red blood count was 


itonnal. and the white count .showed 6.900 cells with 61 per cent polymorpiio- 
juu'lears. bmnt October 29 to November 7, the patient's condition remained 
much the same. He varied between peri<«ls of rcsilc.ssness and drowsiness, anrl 
rt.'dired that be remembered ]iractically nothing of the early part of his illness. 
Hi^ he.ylache was severe at times; at evther times mild. Hi's temperature varied 
iK-rn *•/ til ](H 1 -., but his pulse rale remaine<l consi>tently low. from 44 tf> 5.^’ 
Tln-re wa. a tendency for the headache to lH.c..me left-sided, and percussion over 
the left vidi- oi ,he cah-aritim caused di-tinct disemfort. On November 7 he ha«l 
l-.is tb.ird c-nvnbion, a cbmic ^pasm of the rinlu side of the face, arm and k- 

..CC-uq, I.y 
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Autopsy.— Th^ coroner’s report follows: “The brain was small and atrophic. 
Over the left frontal lobe there Was an extensive encapsulated subdural hemor- 
rhage about 8 cm. in diameter. The inner surface was limited to a very thin 
membrane. The clot within was partially organized and the greatest thickness 
was 8 mm. The hemorrhage was not attached to the pia and there was no blood 
staining of the pia over this portion of the brain. There were no fractures of 
the skull and no contusion or hematomas of the scalp.” 

A portion of the removed dura with its attached neomembrane was examined 
and in every respect resembled the lining of a chronic subdural hematoma. The 
outer lining was opaque and loosely attached to the under surface of the dura 
from which it could be readily stripped even in the hardened specimen. The inner 
membrane was very thin and translucent. Portions of the sac are shown in 
figure 7, which illustrates the gross aspects of the inner and outer surfaces of 
this membrane, the contents having been removed. 

Comment . — One is humiliated to confess failure to recognize the 
lesion in this case, especially as the patient was practically under our 
constant observation from the time of injury until his death. His men- 
tal symptoms were considered partly a consequence of concussion, but 
more especially as incidental to his advanced age. Reviewing the 
clinical course in the light of the autopsy, the possibility of a chronic 
subdural hematoma even in the absence of localizing signs should have 
been suspected. So far as I have been able to learn this is the only 
instance in which a traumatic subdural hematoma has been described in 
a patient of such advanced years. 

SUMMARY 

Cases of chronic subdural hematoma are more frequent than has 
commonly been supposed. The relatively long period which may elapse 
from the initial trauma until the development of pressure S)fmptoms 
frequently leads to overlooking of the injury as a causative factor. 
While the trauma may be insignificant, this is not always the case, as 
instances of chronic subdural hematoma may follow severe injuries of 
the head (cases 5 and 6) . The importance of investigating the possible 
history of preceding, trauma in all cases of obscure increasing intra- 
cranial pressure should be emphasized. 

All cases of chronic subdural hematoma in this series have shown a 
decidedly high pitched percussion note over the calvarium. In one 
instance (case 3) an internal hydrocephalus was so stronglv suspected 
because of this sign that lumbar puncture was deferred. The note does 
not appear to be higher on the side of the hematoma. 

The^ results of the spinal fluid examination vary, depending on the 
interval which has elapsed since the injury. Practically all cases, regard- 
less of time, show some increase in the spinal fluid pressure. The color 
at first is usually “smoky” or blood tinged, later becoming yellow, straw 
colored or perfectly colorless. Instances of each condition have been 
encountered m this series. There may be an increase in cell count and 
globulin content of the fluid — or both may be normal. 
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finally becoming flat. It is supposed that this was caused by edema 
subsequent to the removal of the hematoma. However, it is doubtful 
if there was enough edema to demand a decompression as other patients 
have done as well without it. 

Case 4 . — Chronic subdural hematoma, left side, caused by bumping nose against 
automobile. Profuse epistaxis, headaches developed several weeks later. In the 
third month, choked disks and right hemiparesis appeared. Coma. Removal 
of hematoma; recovery. 

History. — J. G., a man, aged 40, married, a civil engineer, referred by Drs, T. C. 
Lyster and S. D. Ingham of Los Angeles, on May 6, 1924, had a personal history 
which may have had some bearing on this case, as the patient had been observed 
twice in sanatoriums because of periods of marked mental depression. One of 
these periods was about a year before the onset of his present trouble. It is not 
known whether a diagnosis of any kind of psychosis had been made; a manic- 
depressive type may have been suspected. The patient was inclined to be morose, 
introspective and despondent at times, and had done little productive work for 
several years. About April 1, 1924, while lifting some object in his garage, he 
slipped forward and struck his nose against his automobile. He was not rendered 
unconscious, but had a profuse bleeding of the nose which continued intermit- 
tentb' for several days following the injury. About ten days after the injury, he 
began to have headaches. At first they were not severe and were frontal and 
bitemporal ; later they became more constant and more severe, and he complained 
particularly of pain back of the eyes and across the forehead. About May 1, a 
month after the accident, the headaches became so bad that he could hardly 
endure the pain, and he was unable to sleep. At times he was nauseated and 
vomited. About this time, he began to notice blurring of vision. He consulted 
Dr. Lyster. On May 2, a lumbar puncture was performed, which showed the 
spinal fluid to be under increased pressure and of a light straw color. This 
tinging of the fluid could be seen best by looking into the depths of the test 
tube. The fluid contained 5 cells per cubic millimeter, a faint trace of globulin 
and showed a negative Wassermann reaction. From May 1 to May 6 the patient 
was observed repeatedly; he was usually lethargic and stuporous, but was well 
oriented for time, place and person. He complained almost constantly of frontal 
and bitemporal headaches. The percussion note over the skull was high pitched. 
An examination of the eyegrounds showed a choked disk of long standing with 
some embedding of the veins, filling in of the optic cup with new tissue and an 
occasional fine hemorrhage. There was about 2 diopters swelling on the right 
side and 3 on the left. The neurologic examination was essentially negative. 

E.ramination . — On the morning of May 6, his stupor increased rapidly, and he 
went into semicoma. A lumbar puncture performed on that date showed the fluid 
to be under 325 mm. pressure, and still of a pale straw color. About noon, there 
was evidence of slight weakness of the right side of the face and of the right 
upper extremity. At this time an increase of the deep reflexes of the right upper 
and lower e.xtremities was observed. Heretofore they had been normal and equal 
on both sides. A positive Babinski sign, ankle clonus and Gordon sign developed 
I'll the right side: the left remained normal. The abdominal and epigastric 
reflexes, heretofore normal and equal, showed a decrease on the right side. The 
patient did not have aiij" convulsions. The blood examination showed hemoglobin, 
70 per cent; red blood cells, 4,780,000; white blood cells, 6.201; diflFerential count: 
polymorphonuclcars, 67 per cent; lymphocytes, 30 per cent; eosinophils, 2 per 
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Choked disk is usually present and is frequently more advanced on 
the side of the hematoma. The elevation of the disks has been found 
to vary from 1 to 6 diopters in different cases. 

Chronic subdural hematoma may occur from childhood to old age. 
In this series, the ages have varied from 13 to 90. All cases in this 
series occurred in men. The constanc)^ of the pathologic conditions is 
surprising, and apparently is not influenced by the age of the patient. 

The origin of the hemorrhage in certain instances (cases 2, 3 and 4) 
seems to be from the pial veins or venous radicals of the longitudinal 
sinus. 

While an osteoplastic flap and removal of the hematoma — ^l^oth 
linings and contents, as suggested by Putnam — ^may be the method of 
choice, it is felt that such a procedure need not be followed in all cases. 
It is not unlikely that an}' operative proceedure such as decompression, 
with evacuation of, or simple trephining and aspiration of the contents 
of the hematoma — ^will yield good results. The principle thing after 
all is to empty the hematoma. When this is accomplished it sel- 
dom, if ever, refills, although the fate of the lining membrane is an 
open question. In the one instance of this series (case 6) in which 
the lining membranes have been undisturbed except to open and evacuate 
the clot, the patient’s recover}' was as prompt as in the others (cases 2. 
3, 4 and 5) in which a more extensive operation was performed, and 
there has not been a tendency to a recurrence of the hematoma. 
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disk margins appeared to be normal. The cranial nerves throughout appeared 
normal. It should be stated that for a few days following the operation there was 
transient diplopia. Coordination was good. The right-sided weakness, which 
suddenly developed the day of the operation, was gone. All the superficial and 
deep reflexes were lively and equal. Abnormal reflexes of the Babinski group 
were not present. 

Comment . — ^This patient had exhibited a mental complex, possibly of 
a mild manic depressive type before his injury. Following the removal 
of the hematoma and satisfactory recovery from the operation, the 
mental symptoms continued, probably much the same as before. The 
localizing signs, as in case 3, came on with remarkable rapidit)'- at the 
end, in each instance preceded by a violent headache and an increase in 
stupor. He showed more evidence of postoperative edema than any 
other patient in this series, even to a rise in temperature and a rapid 
pulse rate. After removal of several ounces of cerebrospinal fluid, the 
cerebral balance was again established, and a second episode did not 
occur. 

Case S. — Chronic subdural hematoma, left side, caused by falling 18 feet. 
Immediate symptoms those of slight concussion. Patient returned to work but 
was forced to stop because of headache. Focal symptoms in- the nature of aphasia 
and Jacksonian epilepsy appeared about four months after injury. Removal of 
hematoma; recovery. 

History. — W. G., a man, aged 32, married, referred by Dr. William T. Cade, Jr., 
of Los Angeles on July 11, 1924, had fallen 18 feet from a derrick on Sfarch 22; 
he w'as unconscious for about two hours. Bleeding from the ears did not occur, 
nor was the scalp lacerated. His back was lame for several days. He was unable 
to work again until April 8; then he “was able to perform some of his duties, but 
not all,” until May 12. On May 10, he began to have a headache, but he con- 
tinued at work for the next two da 3 's. Nausea and vomiting set in on May 12, 
and by May 14, his pain was intense ; his pulse rate was subnormal, from 55 to 60, 
and his temperature was 97.6 F. He w'as taken to a hospital in Santa Ana on 
^Maj' 17, where he was studied bj' Dr. F. E. Coulter. A lumbar puncture, which 
was performed about this time, showed the spinal fluid to be clear and not under 
increased pressure. The headache was intermittent, mostlj' in the right frontal 
region, but when severe, the pain was all over the calvarium. During the month 
of June, the patient’s s 3 'mptoms, both subjective and objective, improved, probably 
because he remained in bed. Localizing signs were not discovered until July. 
Dr. Coulter, who had him under observation, writes: “On July 10, 1924, about 
10:30 a. m., a ver 3 ’' different condition was encountered. At the latter date, a 
histor 3 ' of several spells was obtained, which appeared to be of a jacksonian 
variet 3 - but of the petit mal t 3 'pe. One of these occurred w'hen I was present. In 
the manifestations obsen^ed b 3 ’’ me he was wholb' unable to speak or answer ques- 
tions for about one to two minutes. He did not move his right arm or face, and 
there was no jerking or tremor of an 3 ' portion of the bod 3 ’ obserrable. A bewil- 
dered look was on his face, and I should conclude that full consciousness was 
absent for the period referred to. In a prerious attack occurring two da 3 's before 
he described numbness and tingling as being present in the right forefinger 
extending to the other fingers of the same hand and up the arm to the shoulder 
and into the right side of the face. At this time he was unable to talk, and the 



ACTINOMYCOSIS OF THE VERTEBRAE (ACTINO- 
MYCOTIC POTT’S DISEASE) 

REPORT OF FOUR CASES * 

WALTER M. SIMPSON, M.D. 

BALTIMORE 

AND 

C. ALEXANDER McINTOSH, M.D. 

MONTREAL 

More and more, clinicians and pathologists are becoming convinced 
that actinomycosis is a common disease. To Sanford and his co-workers ^ 
is due great credit for their success in pointing out the high incidence of 
actinomycosis in the United States. In their last two articles they have 
compiled about 670 cases. Of these, less than one third were found in 
the literature. Through extensive correspondence, they learned of 334 
unpublished cases. To these were added 135 cases from the Mayo Clinic. 
One can but conclude, then, that actinomycosis in man is much more 
common than a study of the literature would lead one to believe. 

One year after Bollinger of Munich ^ discovered the nature of the 
disease in cattle afflicted with lumpy-jaw (1877), Israel® described the 
same disease in man. Four years later, Ponfick established the unity 
of the human and bovine infections. In 1885, John B. Murphy of Chi- 
cago ° described the first American cases. 

The first complete study of actinomycosis in this country was carried 
out by Ruhrah.® In 1899 and 1900, he collected the history of sixty-two 

* From the Pathological Laboratory of the University of Michigan, Ann 
.Arbor, Michigan. 
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entire duration of this spell was one to two minutes. This was followed by a 
severe headache lasting two to three hours. The deep reflexes in both the upper 
and lower right extremities were found at this time to be less active and to tire 
more readily than those on the left. This applied to the abnormal reflexes as 
well. Motor changes in the right extremities were but slightly altered, if at all, 
from' those found in the left.” 

I observed the patient for ten days before operation, on July 22, at the Good 
Samaritan Hospital. During this time he was clear and alert mentally. He 
complained of some headache each day, but the pain was not localized. He was 
not nauseated and did not vomit. On several occasions there was some confusion 
in speech when he could not think of the right word. During these short aphasic 
periods, he complained of numbness of the fingers of the right hand, the numbness 
extending up the right arm and right side of the face. The right leg was never 
involved. 

Examination.— The. percussion note over the calvarium was high pitched. The 
eyeground examination revealed choked disks of long standing, the disk margins 
being entirely wiped out, the vessels embedded and new tissue obliterating the 
optic cups. There was an elevation of 4 to 5 diopters, the higher reading being 
on the left side. The cranial nerves were normal and motor or sensory dis- 
crepancies were not observed in any upper or lower extremity. Astereognosis 
was not present on the right or left. The patient cooperated well on examination ; 
his station was good and his gait normal. The abdominal reflexes were normal 
and equal. The biceps, triceps, radial and finger reflexes were not exaggerated 
and seemed to be equal. The knee reflexes were active, the left apparentlj' being 
more so than the right. At times an ill sustained ankle clonus was present on 
the right side. Abnormal reflexes of the Babinski group were not shown at any 
time. Roentgenograms of the skull were taken, and with the exception of some 
thinning of the posterior clinoids, any pathologic condition was not shown. The 
spinal fluid again showed a normal pressure, was clear, contained one cell per 
cubic millimeter and gave a negative butyric and Wassermann reaction. The 
blood Wassermann reaction was also negative. The blood examination showed 
the hemoglobin, 77 per cent; color index, 0.93; red blood cells, 4,664,000; white 
blood cells, 14,400. Urinalysis was negatir-e with the exception of a faint trace of 
albumin and an occasional hyaline and granular cast. 

Operation and Course.— A liberal bone flap was turned down on the left side. 
There was excessive bleeding from the soft tissues and bone. The dura was 
under increased tension. It was of a pale bluish cast in places and had a feeling 
almost of fluctuation, especially near the longitudinal sinus (fig. 4). The mem- 
brane was first opened over the temporal lobe, liberating an excess of clear spinal 
fluid, and disclosing a wet, edematous cortex with engorged vessels. A second 
opening was made through one of these bluish areas in the midparietal region, and 
the outer wall of a typical encapsulated subdural hemorrhage was encountered. 
The dural flap was turned back and the "blood cyst” was seen It extended from 
the midparietal region up to the longitudinal sinus and forward to the tip of the 
frontal lobe, covering most of this structure (fig. 5). It did not extend down to 
the temporal lobe, nor did it cover any part of the occipital lobe. The outer 
surface of the neomembrane was of a bluish-green mottled appearance, and was 
loosely adherent to the inner surface of the dura by many fine adhesions. The 
posterior and lower margins of the hematoma could be studied where it tailed off 
into the normal cortical surface. There were many fine, spiderweb adhesions run- 
ning back over the outer surface of the adjacent arachnoid, but the inner mem- 
torane was freely movable over the pial surface of the brain. The posterior and 
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American cases. Clinical interest in this disease in the United States 
seems to have been first awakened by his thorough studies. In 1902, 
Erving brought the number of cases up to 100. 

In the experience of this laboratory, actinomycosis cannot be con- 
sidered a rare disease. About thirty cases have been encountered within 
the past two years. In 1924, Coder and Adie ® published an excellent 
preliminary review of fifty cases from this laboratory. 

. The purpose of this paper is to direct attention to what has been 
regarded as an exceedingly rare form of the disease, namely, involve- 
ment of the vertebrae. Sanford agrees with Luckett,^ who says that 
actinomycosis of the bone is rare in man. Bone involvement was not 
found in the 135 cases from the Mayo Clinic. Among the 670 cases 
compiled by Sanford, there are but four in which the vertebrae were 
affected ; and of these, two are from the list of fifty-eight Michigan cases 
supplied by Warthin. These two cases will be dealt with fully in the 
present paper. The case of spinal actinomycosis casually referred to by 
Mcjunkin ® in the course of a discussion of another case of actinomyco- 
sis involving the jaw and cheek is likewise one of the Michigan cases 
reported by Warthin in Sanford’s series. A third case is reported to 
Sanford by Meyer of Cook County Hospital, Chicago, who tells of a 
boy, aged 9, who at autopsy showed actinomycosis of both lungs, liver, 
dorsal vertebrae, periaortic and mesenteric hnnph glands. The fourth 
case was reported by Young,” who tells of the extensive involvement of 
the cervical and thoracic vertebrae, with numerous abscesses, varying 
from one fourth of an inch to an inch (0.63 to 2.5 cm.) in diameter. 
The tenth dorsal vertebra was denuded of periosteum and communi- 
cated with a large abscess cavity. The spinous processes of the lower 
dorsal vertebrae contained many ray fungi. 

Bassoe of Chicago,^- in discussing one of Sanford’s papers, mentions 
two cases of spinal actinomycosis. The first was in a young man, and 
had been diagnosed tuberculosis by many physicians. Subsequent 
roentgen-ray examination showed erosion of the heads of the ribs, and 
the diagnosis was changed to malignant tumor. Vertebral abscesses 
formed, but the diagnosis was established at autopsy. In the second of 

7. Erving: Actinomycosis Hominis in America, with Report of Six Cases, 
Bull. Johns Hopkins Hosp. 13:261, 1902. 

8. Coller and Adie: Actinomycosis in Man, J. Michigan M. Soc. 23:366, 
1924. 

9. Mcjunkin: A Case of Infection with Actinomycosis Bovis, Physician & 
Surgeon, Ann Arbor and Detroit 29:213, 1907. 

10. Meyer; Communication to Sanford, Arch. Surg. 11:824, 1925. 

11. Young: Actinomycosis of the Ribs and Vertebrae, Am. J. Orthopedic Surir 
6:252, 1908-1909, 

1057 ^' ^’scussion of Sanford’s Article, J. A. M. .A. 81:655 (Aug, 25) 
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inferior margins could be rolled away from the brain with a blunt dissector and 
the fingers. The outer wall of the clot was opened, and an abundance of dark 
greenish fluid and a large mass of blood clot were removed. As in other cases, 
the outer lining was about 2 mm. thick and opaque, while the inner surface was 
much thinner, translucent and could be moved over the underlying cortex with 
the fingers (fig. 6). The clot was about 4 cm. thick in the parietal and midf rental 
region, and the underlying brain showed marked depression where the hematoma 
had lain on it. In dissecting the membrane from the frontal region, sharp bleed- 
ing was encountered far forward. This was controlled by temporary packing with 
cotton, whifh was removed subsequently, leaving a dry field before closure. The 
middle meningeal artery was intact, and the lining membrane of the hematoma 
was not unduly adherent, except far forward in the frontal region. It was assumed 
that the hemorrhage originated from the pial vessels or radicals of the longitudinal 
sinus in the frontal region, although this was not accurately determined. The 
under surface of the dura oozed considerably after the underlying hematoma was 
stripped from it. The dura was closed, a folded gutta-percha drain being placed 
under it to provide adequate drainage, as the operator was not satisfied with the 
dryness of the field on closure. The procedure lasted three hours, and the patient 
left the table in fairly good condition. 

He made a satisfactory convalescence and left the hospital on August 24. 
There was free drainage for about a week following the operation, but the bone 
flap never became elevated as it did in cases 2 and 3. Aphasia or Jacksonian 
episodes did not return. His eyegrounds became flat in a few weeks, and the 
headache disappeared to a great extent. Strange to say, he complained of a sharp 
pain in the right frontal region for many weeks following the operation. This 
persisted intermittently and with decreasing frequency and intensity for almost 
a year. He returned to work as a fireman in the oil fields on Sept. 22, 1924, and 
has been working constantly. 

Comment . — In this instance there is a history of more severe injury 
of the head than in the other cases reported. The man fell 18 feet, 
became unconscious immediately and remained so for two hours. He 
attempted to return to work the next day, but was unable to continue, 
not because of headache but because of lameness in his back. He 
worked from April 8 to May 12, when he was forced to stop because 
of headache. For the next two months, localizing signs were not seen, 
and then suddenly thei'e were periods of aphasia with numbness of the 
right hand. The hematoma in this case was high up near the longitudinal 
sinus, and gave rise to the question whether it did not come from the 
venous radicals of this structure, as suggested by Trotter. The presence 
of a rather severe frontal headache on the right side following the 
operation raised the query whether there might have been a second 
hematoma over the right frontal lobe arising from the radicals of the 
sinus on that side. 

Case 6. — Chronic subdural hematoma right side: occasioned by fractured 
skull. Immediate symptoms mild and cleared up. Discharged from hospital in 
satisfactory condition, three weeks after injury, to return sir weeks later in 
coma. Operation ten weeks after injury rc7>calcd hematoma which was simply 
drained. Surrounding membranes of hematoma not removed. Recovery. 
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March 28, 1012. He bad been confined to his bed for two r.r three week?, sinter- 
ing severe pain. Physical examination at that time shroved a markedly t:r.r.c;'i'.cd 
and cachectic man. Examination of the left femur showed a fu.'-iK-rm ^.idargc- 
menl occupying the whole upper half of the thiph. the largest ciremnu rcncc 
measuring 22 inches (55.5 cm.). The tumor e.xtcnded well beyfud I’- uparts 
ligament anteriorly, and posteriorly above the trochanter. The joint .sfiparcntly 



w.as not involved, and there were ii'* gland' in t!.e gri n:. Ir.- -r, 
adherent, but was of a purplish coh.r. due t-. a l.irre :.r:: -.mt <t ! .v 
There was im evidence of inet;i't:i':^. The pr.tkr.t v.;.- t-’.rr:::*.-'! t . ' 

Hospital. March 31. l‘»12: on the day h-llowinv a inj. j- i::t anit nat; ■ 
formed by one of n? t\V. Ik t'.t; the ur.-v.:?: « s.t- d l.ick np t‘ 
the leg was renmved th.e rnu'cnhir ti'-ne: rttr..r:-.d ’.-r :.- •; 
was little hano-hnpe, the patienf- ert.-ral c- nditi i.a- .Mr.—k ' 
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when the operation was completed he was practically pulseless. He was given 
4 ounces (118.4 cc.) of black coffee and whisky by rectum, and on reaching the 
ward, 1,000 cm. of salt solution intravenously. He rallied shortly afterward 
and was in good condition on the following morning. 

The microscopic report of Ewing was : “The myxochondrosarcoma with the 
cartilage is almost completely degenerated into mucous tissue; there is some 
well defined embryonal cartilage.” 

The mixed toxins were begun as soon as the patient had recovered from the 
operation, and were continued for three. months. His general condition improved 
steadily; he was shown before the Clinical Congress of Surgeons of North 
America in November, 1912, at which time he was in excellent condition without 
any trace of a recurrence; he had gained 30 pounds (13.6 Kg.) in weight. At the 
time of my last examination, three years later, he was still in perfect health. 

Case 32 (Dr. George B. Packard, Jr., Denver). — Sarcoma of tipper third of 
femur; inoperable (clinical and roentgenrray diagnosis); recovery under toxins; 
patient well five years later; probably endothelioma. 

G. M., a boy, aged 9 years, in the latter part of 1919 fell on a hard floor, 
shortly after which a swelling developed in the upper third of the left femur and 
grew rapidly; this was accompanied by a great deal of pain and considerable loss 
of flesh and strength. A roentgenogram taken at the time of the injury showed 
no pathologic lesion. The patient came under the care of Dr. G. B. Packard four 
months later. Roentgen-ray examination by Dr. Brandenburg, Jan. 2, 1920, 
showed general bone destruction involving the head, neck and trochanter of the 
femur with a complete pathologic fracture of the neck close to the head. The 
diagnosis was osteosarcoma. Dr. Packard stated that the patient’s condition was 
too poor to warrant even an exploratory operation; he had been bedridden for 
three months, was markedly emaciated, and had t^vo huge sloughing ulcers on his 
back. 

January 6, he was placed on the mixed toxins of erysipelas and Bacillus 
prodigiosus, beginning with a dose of 0.01 cc., increasing gradually to 0.8 cc. 
(the highest dose). He received almost daily injections, 119 in all being given 
up to October 23; the highest reaction obtained was 104 F. The patient showed 
almost immediate and steady improvement. By March 1 the pain had entirely 
ceased, he had a good appetite, had gained considerable weight, and was up and 
about in a wheel chair. There was no great change in the size of the tumor, but 
the edema and prominent veins had disappeared and the bed sores were healed. 
By April 25, the general appearance of the patient was excellent ; he had no pain, 
and the tumor had decreased somewhat in size. By June 15 he was able to walk 
with crutches. By August 15 he was still unable to lift the extended leg in bed 
(probably a nonunion following tumor absorption). Roentgen-ray examination, 
September 2, showed : “The sarcoma has involved the upper end of the femur, the 
trochanters, the neck and head of the femur, and slightly the acetabulum, with 
almost complete destruction of the head and neck and considerable destruction of 
the trochanters. There is no evidence of union. There is good healing and the 
beginning of an attempt at repair.” The new bone formation apparently con- 
tinued ; there was complete restoration of function, the pathologic fracture 
reunited, and the patient was in excellent condition in November, 1925, with no 
evidence of a recurrence, five j'ears later. 

We have been in close touch with Dr. Packard in the treatment of this patient, 
and he has given me the roentgenogram taken immediately after the injury as 
well as other pictures taken after the tumor had developed. While no micro- 
scopic examination was made in this case, we believe that the clinical history and 
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surrounding almost the entire lumbar spine and extending downward in 
either psoas muscle to the inguinal region. The sides of the bodies and 
transverse processes of the vertebrae were extensively eroded and covered 
by pus and granulation tissue. The erosive process extended into the 
bodies, and a large granuloma had formed between the posterior surface 
of the bodies and the outside of the dura, compressing the cauda equina. 
Ray fungi were found on microscopic examination of tissue. 

Abbott of Chicago describes what he considers to be a case of pri- 
mary actinomycosis of the left kidney in a woman, aged 43, The patient 
died soon after operation. At autopsy, a large abscess was found 
behind an enormously large kidney, which involved the muscles of the 
posterior abdominal wall and the fourth and fifth lumbar vertebrae. 
The process had extended into the spinal canal and involved the spinal 
cord externally. A left-sided psoas abscess communicated with the retro- 
nephritic abscess. Brickner mentions a case of actinomycosis of the 
cervical spine, neck and back in a boy. 

In foreign literature, the cases of Ponfick,* Bostrom,-® Ginsberg (two 
cases ),-^ Kolacek,-- Guleke,"® Patterson and Nattrass,^* Heuck,"® Godlee 
(three cases),-® Martens,-' Chauffard and Troisier,-® Macaigne and 
Raingeard,®® Garten and Cope present the same pathologic charac- 
teristics as the American cases previously described. 

To these twenty-eight cases we would like to add four from our own 
experience. Two of our cases have been encountered within the past 

19. Brickner; Pelvic Actinomycosis, Ann. Surg. 81:343, 1925. 

20. Bostrom: Untersuchungen ueber die Aktinomykose des Menschen, Beitr. 
z. path. Anat. u. z. allg. Pathol. 9:1, 1891. 

21. Ginsberg: Casuistische Beitrage zur Kenntnis der Actinomycose der 
Menschen, Berlin, G. Chaste, 1890, p. 30. 

22. Kolacek: Ueber aktinomykotische Allgemeininfektion, Beitr. z, klin. Chir. 
93:136, 1914. 

23. Guleke: Zwei seltenere Wirbelerkrankungen (Echinococcus und Aktino- 
mykose), Deutsch. Ztschr. f. Chir. 162:59, 1921. 

24. Patterson and Nattrass: Actinomycosis of the Pleura, Brit. M, T. 1:918, 
1925. 

25. Heuck; Ein Fall von Aktinomykose der Wirbelsaiile und Brustwandungen 
mit Propagation auf die Lunge, Miinchen. med. Wchnschr. 39:419, 1892. 

26. Godlee; A Series of Cases of Actinomycosis, Lancet 1:3, 1901. 
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28. Chauffard and Troisier: Actinomycome cervico-rachidien, Rev. de med 
29:753, 1909. 

29. Macaigne and Raingeard ; Actinomycome thoracique, cutanee, vertebrale, 
pulmonaire; etude anatomique, Presse med. 1:331, 1898, 

30. Garten : Ueber einen beim Menschen chronische Eiterung erregenden pleo- 
morphen IMikroben, Deutsche Ztschr, f. Chir. 41:257, 1895. 

Surg 3 ^ 55^1915 Sio'^^ Study of Actinomycosis with Illustrative Cases, Brit. J. 
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abscesses and fistulous tracts lined by typical actinomycotic granulation tissue and 
containing numerous ray fungi. Multiple small abscesses in loose tissues were 
found about the seminal vesicles. Multiple small chronic abscesses, rich in old 
and young repair tissue, with many lipoid cells, and numerous large colonies of 
actinomyces appeared in the right perinephritic tissues. 

Pathologic Diagnosis . — The diagnosis was: chronic actinomycosis, probably 
primary in the appendix, with multiple abscesses and sinus tracts involving the 
right abdominal wall, the liver, the first, second and third lumbar vertebrae, the 
right psoas muscle, the right perinephritic tissue, the lower right intercostal 
muscles, the right tenth rib, the seminal vesicles and the scrotum ; chronic produc- 
tive peritonitis, with recent purulent exacerbation; chronic adhesive pleuritis on 
the right side; pulmonary edema; early chronic glomerulotubular nephritis; fatty 
degenerative infiltration of the liver and the heart ; fatty infiltration of the liver ; 
localized myocardial fibrosis ; adenomatous colloid goiter ; moderate atherosclerosis 
of the aorta and the coronary arteries; atrophy, passive congestion and marked 
parenchymatous degeneration of all organs ; mucoid atrophy of all adipose tissue ; 
cachexia ; aspermatogenesis. 

COMMENT 

‘It is important to emphasize that the clinical diagnosis in each of Our 
four cases was tuberculosis of the spine (Pott's disease). The clinical 
distinction between tuberculosis and actinomycosis of the spine presents 
many difficulties. In analyzing the data from the four cases which we 
have studied, we have arrived at certain conclusions which may be of help 
in reaching a proper diagnosis. 

Great aid is to be derived from roentgenologic studies. The char- 
acteristic pathologic anatomy of actinomycosis of the vertebrae is erosion 
of the cortical portion of the bone. It usually affects the vertebrae first 
as a periostitis, as the result of direct extension of a paravertebral 
phlegmon which has had its origin in the lungs or intestinal tract. The 
periosteum becomes elevated by the spreading sinuses and abscesses, and 
the cortex of the bone is attacked. Pulmonary actinomycosis is char- 
acterized by multiple abscesses and burrowing sinus channels which soon 
reach the pleura, with resultant adhesive pleuritis and localized empyema 
pockets, which either burrow their way through the intercostal spaces 
or extend up and down along the vertebral column as a paravertebral 
phlegmon. In intestinal actinomycosis, most frequentl)^ primary in the 
appendix, the abscesses soon affect the retroperitoneal tissues and spread 
along the lumbar vertebrae and establish psoas abscesses, or gain access 
to the surface of the body by the establishment of numerous sinus tracts 
elsewhere. In our second case the pointing of the psoas abscess was the 
first snnptom and sign. 

In tuberculosis, on the other hand, the destruction of the vertebrae 
chiefly affects first the inner part of the bod}^ usually near an inter- 
vertebral disk, ultimately destroying the whole body, and permitting 
collapse and the characteristic angular deformity. Such central and 
complete destruction with the development of kyphosis is not a feature of 
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year. Certainly, the evidence that five of the thirteen American cases 
previously reported have been reported by Chicago physicians, and that 
the University of Michigan Pathological Laboratory has had such a 
wide experience in this type of case, constitutes presumptive proof that 
spinal actinomycosis is not uncommon. 

Abstracts of the clinical records and autopsy protocols follow : 

Case 1, — History. — G. H., aged 30, an American, a stonecutter, had a condition 
diagnosed as sepsis, bilateral empyema, putrid bronchitis, generalized tuberculosis 
and meningitis (?). (No other record was available.) 

Autopsy. — (Prosector, Dr. A. S. Warthin.) The body was that of a slender, 
emaciated young man. The fingers were slightly clubbed. In the left posterior 
axillary line were two openings, both of which were partially covered with bloody 
crusts, but each of which yielded seropurulent discharge on pressure. 

The left lung adhered firmly to the wall of the chest. From the sixth rib down 
to the base there was an encapsulated cavity in the posterior axillary region, sur- 
rounded by firm adhesions. This was filled with thick, creamy, blood-stained pus. 
The upper lobe was voluminous, the lower atelectatic. Many small whitish spots 
were visible beneath the pleura, and were firm in consistency. The right lung was 
likewise bound by firm adhesions, most marked posteriorly, from the fourth rib 
to the base. The borders of the lung were somewhat emphysematous, and the 
lower lobe was atelectatic. The pleura was greatly thickened, dense and hyaline 
in places, and covered with stringy, thickened masses of organized fibrin. Small 
whitish areas were present in the granulation tissue. On section the upper lobe 
showed marked edema. The smaller bronchi were somewhat dilated. Small areas 
of pus were encountered in and around the bronchi; abundant exudate was 
expressed on pressure. In the middle lobe was a small encapsulated cavity con- 
taining thick yellow pus. 

Extending from the eighth dorsal vertebra downward to the second lumbar, 
the fascia and muscles on both sides were infiltrated with thick pus, involving both 
psoas muscles. When the psoas muscles were cut on each side, they were found 
to be infiltrated with pus. At the level of the eleventh dorsal vertebra on the left 
side, a sinus tract was found to extend between the vertebral laminae into the spinal 
canal. The spinous processes of the lower four dorsal vertebrae showed con- 
siderable superficial erosion. At this site pus bathed the dura posteriorly, though 
the cord was not affected. The surfaces of the tenth and eleventh vertebrae 
bordering the canal were eroded, and the purulent process extended deeply into 
the cancellous tissue of the vertebrae. 

Microscopic Observations. — ^The lungs showed chronic abscesses of varj'ing 
age. In all cavities were numerous colonies of Actinomyces, surrounded by areas 
of purulent pneumonia, showing varying degrees of organization. Chronic 
purulent bronchitis was also found. The bronchial lymph glands showed numer- 
ous abscesses, with* many colonies of Actinomyces. Purulent pachymeningitis 
externa, with many ra)' fungi, had affected the thoracic spinal cord. Purulent 
osteomj’elitis was present in the vertebrae, with multiple abscesses of cancellous 
bone and numerous ray fungi. Amyloid deposits were found in the spleen. 

Pathologic Diagnosis. — The diagnosis was : actinomycosis of lungs and dorsal 
and lumbar vertebrae, with bilateral psoas abscesses; purulent pachymeningitis 
externa ; empyema ; chronic glomerulotubular nephritis ; amyloidosis of the spleen ; 
atrophy, passive congestion and marked parenchj’matous degeneration of all 
organs. 
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actinomycosis of the vertebrae. In tuberculosis, likewise, the laminae, 
articular facets, transverse processes and spinous processes are almost 
always preserved, while in actinomycosis they show .the same erosion as 
the bodies. Such was the case in three of our four cases. This anatomic 
peculiarity at once possesses great roentgenologic significance. Tuber- 
culosis of the spine is primarily a disease of the interior of the body; 
actinomycosis does not show such sharp selectivity. 

One common source of error is the almost instinctive association of 
psoas abscesses with tuberculosis of the spine. Actinomycosis, syphilis 
or neoplasm of the spine, particularly if secondary, periappendiceal 
abscesses, perinephritic abscesses, retroperitoneal abscesses and pelvic 
abscesses often extend along the iliopsoas muscle and fascia, and give 
rise to psoas abscesses indisting^iishable from the so-called “cold 
abscesses” of tuberculosis of the spine. In actinomycosis, abscesses and 
sinus tracts are usually multiple, or a single large sinus tract may have 
many ostia. 

As the sinus tract dissects its way toward the surface of the skin, 
the subcutaneous tissues become indurated, and purplish or purplish-red 
plaques appear on the surface. These gradually soften toward the 
center, become definitely fluctuant and finally break through the skin. 
The boardlike, painless or slightly painful induration, with multiple 
abscesses and sinus tracts, is a prominent characteristic. It is at this 
time that the pathognomonic ray fungi, in the form of the so-called 
“sulphur granules,” are most likely to be found. The sinus soon becomes 
secondarily infected, and the inevitable pyogenic process obscures the 
actinomycotic granulations. The first pus to escape is usually thick, and 
in our cases was described as being “creamy yellow,” and was often 
blood-stained. The pus of actinomycosis is said to have a distinctive 
odor, similar to that of freshly turned soil — ^an “earthy” odor. If the 
sinus is drained surgically, it is desirable for the surgeon to examine 
the pus carefully for the sulphur granules at the time of evacuation. 
The simplest way is to place a thin smear of any suspicious looking 
material on a glass slide and crush by gentle pressure on a cover-slip any 
granules which might prove to be ray fungi. A little 5 per cent potassium 
hydroxide solution may be run in under the cover-glass if the pus is 
thick. Staining is not necessary, as the characteristic central densely 
interwoven feltwork of mycelial filaments and the highly refractive 
radiating peripheral clubs can easily be recognized with the low power 
objective of the microscope. When the pus is abundant, the dilution 
method suggested by Da Costa and Colebrook might be tried, 

33. Da Costa: Actinomj'cosis, Ann. Surg. 54:130, 1911. 

34. Colebrook : A Report upon 25 Cases of Actinom 3 XOsis with Especial Refer- 
ence to Vaccine Therapj’-, Lancet 1:893, 1921. 
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Case 2.--History.—]. M., a white man, aged 42, a carpenter, who was admitted 
to the University of Michigan Hospital on Feb, 26, 1922, complained of pain and 
swelling in the left flank and groin. His family history and past history were 
negative. In August, 1921, the patient had severe, cramplike pain in the lower 
part of the abdomen which radiated to the rectum. Three or four days later he 
suffered from chills, and a sensation of choking was experienced. In two weeks, 
pain occurred in the left side of the abdomen, which increased so that in September 
he was forced to take to his bed. A swelling began in the left inguinal region. It 
became reddened, hot and tender. Pain was then experienced in the left hip, and 
a flexion contracture gradually developed. Great pain was caused by extending 
the left lower extremity. He had lost 10 pounds (4.5 Kg.) in weight in six months. 
He had an occasional cough and profuse night sweats, with chills and fever. 

Physical Examination.— Btyoxid the observation of severe emaciation, the 
results of the examination were practically negative except for the local process. 
Over the left anterior superior iliac spine and inguinal ligament, there was a 
swelling about 2 inches (S cm.) long and 1 inch (2.5 cm.) broad, that was raised 
above the surrounding surface about half an inch (1.27 cm.). It was tender and 
reddened, but not definitely fluctuant. Palpation of the abdomen revealed some 
resistance in the left lower quadrant. The left thigh was flexed nearly to a right 
angle and could be extended to about 160 degrees. There was considerable pain on 
movement of the joint. 

Roentgen-ray examination of the chest did not reveal positive signs of disease. 
There was some haziness about the apexes, which were regarded as the only 
likely areas of involvement. The lumbar vertebrae showed superficial destruction 
and loss of detail around the articulatar facets of the fifth lumbar vertebra, 
without loss of the joint space, however. The patient was thought to have a 
tuberculous process of the fifth lumbar vertebra. 

Two weeks after the patient was admitted, the abscess was opened. It drained 
freely. The patient’s condition gradually grew worse. Drainage was reestablished 
on March 23. The next day material similar to feces escaped from the wound, 
and on March 26 he had a severe hemorrhage from the sinus. Three days later 
he died. 

The clinical diagnosis was Pott’s disease with psoas abscess. 

Autopsy. — (Prosector, Dr. C. V. Weller.) The body was that of a poorly 
nourished male adult. About 2 cm, below the anterior superior iliac spine on the 
left was a sinus-opening that measured 2 by 3 cm., having a firm, elevated, 
brownish-red border and a discolored, necrotic wall, from the mouth of which 
a small amount of thin seropurulent fluid escaped. This opened into a large 
cavity occupying part of th'e concavity of the left ilium, and extended toward the 
left psoas muscle. 

The lungs were somewhat adherent, and on section showed congestion and 
edema. Beneath the visceral pleura each lung showed several firm hemorrhagic 
and yellowish purulent areas. 

The abdominal examination revealed firm adhesions about the appendix and 
the descending colon. The former, at the junction of the middle and distal thirds, 
was dilated and greenish black. Here it was in immediate relationship with a 
small abscess cavity included beneath the adhesions which covered the appendix 
and bound it down to the sheath of the psoas muscle. On freeing this area from 
the psoas sheath and the vertebral fascia, purulent exudate appeared along the 
sides of the lumbar vertebrae. The descending colon was firmly adherent over an 
abscess cavity that involved the left iliopsoas muscle. At this point the colonic 
wall appeared discolored and necrotic, and showed some purulent infiltration. 
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Several drops of pus are collected in a test tube half filled with wider. 
After corking, the tube is vigorousl)' shaken for a few motneut.s, 'Phis 
emulsifies the pus and does not break up the firm granules. 'Phese sink' 
to the bottom of the tube, where they can easily be recogtiized imd 
picked up with a capillary pipet, after which they can be lightly eriisbed 
between a slide and cover-slip and examined micro.scopically while, fresh. 
Another simple procedure is to spread the pus in a thin liiyer on a gbiss 
plate over a dark background. When included in the mass of pus which 
appears on surgical evacuation, the yellowish or grayish-yellow ))r»flies 
are often distinguished with difficulty. It is, therefore, wise to carry 
out some such simple procedure as that outlined above. 

The granules are not always a suljjhur yellow, but may be gi'fiy, 
white, yellow-brown or even green. The younger ones are much 
smaller than the head of a common pin and arc usually silvery gray. 
Because of these variations in color, small caseous ])lugs from lubereii- 
lous sinuses or even the small epithelial pearls of infected squamons 
cell carcinoma may grossly simulate ray fungi. Diffcrcntialirm is easily 
made with the microscope. The older granules vary in Hmt, but are 
usuall)- somewhat larger than the head of a common ];in and are nvjsl 
often yellowish or yellowish white. 

The pus should be examined carefully and repeatedly for the prfis- 
ence or absence of tubercle bacilli if ray fungi are not found, 'Phe 
persistent absence of tubercle bacilli should always stimulate one to 
examine further for the ray fungus. 

It not infrequently happens that repeated examination of the pus does 
not reveal tubercle bacilli or ra}* fungi. Curettement of the granuladon 
tissue lining of the sinus tract, with histopathologic examination of the 
fragments, will often settle the question. At this point it might l^e v/ell 
to emphasize that the granulation tissue of actinomyco.sis has eertaitj 
characteristics which. *>vhile not pathognomonic in the absen^y; of Jije 
actinomycotic colonies, ser>.'e to focus the micro.scopi.st's attention ov, 
this disease. The vasetdar pyogenic granulation tissue almo.st invariab'y 
contains many pale, vacuolated iipoid-containirtg celLs that are aimos" 
never found in conjunction with simple tur/mculo.sis. 'f'hen, again, as 

zzs v/sv *y-'-**i*'^ 
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The left psoas muscle was the site of an extensive purulent infiltration, charac- 
terized by multiple burrowing, fistulous tracts and larger abscess cavities, all 
containing thick, creamy yellow pus. Similar purulent infiltrations extended into 
the iliacus muscle, which, however, was for the greater part converted into a single 
large abscess cavity opening below the anterior superior iliac spine as previously 
described. The right psoas muscle was infiltrated with creamy yellowish purulent 
exudate, especially in the area of its vertebral attachment. 

The bodies and laminae of the vertebrae in the entire lumbar region were 
honeycombed with purulent sinus tracts which were a dirty, greenish black. 
There was extensive necrosis. The peripheral portion of the vertebral bodies could 
be cut readily with the cartilage knife. This condition became less extensive in 
the bodies of the vertebrae of the lower thoracic region, but here the purulent 
sinus tracts extended, especially along the periosteal surfaces, with multiple small 
abscesses in the peripheral portions of the bodies. Purulent material from these 
sinuses was found to contain soft, spherical, grayish-white or yellowish-gray 
granules. One of these when crushed and examined under the microscope revealed 
many pus cells and typical colonies of Actinomyces. The spinal dura in the 
sacral region was covered with a purulent exudate on its outer surface. The cere- 
brospinal fluid was clear. The inner meninges and the cord itself showed conges- 
tion only. 

Microscopic Observations . — The spinal cord showed organizing pachymeningitis 
externa, with numerous abscesses and ray fungi. , In the lungs were recent hemor- 
rhagic infarcts, streptococcus emboli and passive congestion. 

Chronic recurrent appendicitis was shown by marked induration of the wall 
of the appendix and periappendiceal induration, containing old purulent tracts. 
Psoas abscesses contained purulent sinus tracts, numerous colonies of . streptococci 
and colonies of Actinomyces. There was marked regeneration of muscle. Marked 
purulent osteomyelitis was shown in the vertebrae. There were multiple abscesses 
containing colonics of Actinomyces, 

Pathologic Diagnosis , — The diagnosis was: actinomycosis of the lumbar and 
lower thoracic vertebrae, with extension to the psoas muscle on the left side, per- 
forating below Poupart’s ligament; localized right psoas abscess (actinomycotic 
Pott’s disease) ; organizing purulent pachymeningitis externa; multiple recent 
actinomycotic abscesses in the lungs; secondary streptococcus infection; multiple 
streptococcus emboli in all organs and tissues; multiple hemorrhagic infarctions 
of the lungs; atrophy, passive congestion, and parenchymatous degeneration of all 
organs ; nutmeg liver ; chronic catarrhal appendicitis ; general marasmus ; 
decubitus. 

Case 3. — History, — A, D., a Finnish lumberman, aged SO, entered the hospital 
on Oct, 3, 1925. The details of his illness were hard to obtain because of linguistic 
difficulties. He had come to this country twenty-five years before and had worked 
most of his adult life in the woods of northern Michigan. His health had always 
been good until the winter of 1924-1925, when he had injured his back as the 
result of a fall. He had never regained his proper strength after the accident, 
and was forced to retire early in the evening and to do less work during the clay. 
He complained of pains in his chest and back, but refused to consult a physician. 
The loss of weight, strength and energy finally forced him to visit a physician m 
the spring of 1925, and he was later advised to come to the University of Michigan 
Hospital. 

Physical E.vaminalion . — The patient was moderately emaciated and appeared 
anemic. He looked decidedly ill and as if he were in the terminal stages of «i 
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for the ray fungus. At all events, the discovery of the lipoid granu- 
lations throws the weight of evidence in favor of a diagnosis of actino- 
mycosis, even in the absence of the pathognomonic ray fungus. 

Coller and Adie ® have found that the bleeding during and following 
the surgical drainage of actinomycotic abscesses is much more profuse 
than that which accompanies the drainage of tuberculous or simple 
pyogenic abscesses. This rather constant observation has led them to 
attach diagnostic importance to it. In case 2 of our series an exsangui- 
nating hemorrhage from a psoas abscess which had been surgically 
drained the day before was the immediate cause of death. Frequent 
reference to the vascularity of actinomycotic granulation tissue as con- 
trasted with the relative avascularity of tuberculous granulations is to 
be found in the literature. 

The splenic amyloidosis in case 1 is of more than passing interest 
because of its great rarity in association with actinomycosis. In the 
presence of such extensive chronic suppuration, with secondary pyogenic 
infection, as characterizes most cases of advanced chronic actinomycosis, 
it is rather to be wondered at that amyloidosis is not more common. 

In the first three cases, actinomycotic pachymeningitis externa was a 
prominent anatomic observation. In each instance, the small abscesses 
and organizing exudate on the outer dural surface obviously were the 
result of' direct extension of the paravertebral actinomycotic phlegmon 
through the bodies and laminae and intervertebral foramina to the 
spinal canal. There was not in any case clinical evidence of pressure 
on the spinal roots or spinal cord. This is, on the other hand, not 
uncommon in tuberculosis of the spine. 

ORIGIN AND MANNER OF SPREAD 

As the literature on actinomycosis in this country accumulates, one 
is more and more at a loss to account for the mechanism by which this 
disease establishes itself. The older belief that actinomycosis is pri- 
marily a disease of persons who live in rural communities and who have 
had intimate contact with cattle affected with “lump)’’ jaw,” or that 
man acquires it in the' same way as cattle, by chewing grass, straw, grains, 
etc., is practically invalidated by the fact that fully one half of the Ameri- 
can cases do not have such a history. Occupation as an etiologic factor 
assumes little importance in our four cases, since three of the four 
patients were engaged in nonagricultural pursuits. 

One cannot but be impressed by Wright’s conclusions after his 
exhaustive experimental studies : 

Because the micro-organism does not grow well on all the ordinary culture 
media and practically not at all at room temperature, I do not believe that it has 
its usual habitat outside of the body. It seems to be verj' probable that Actino- 
mycosis bovis is a normal inhabitant ... of the buccal cavity and of the 
gastro-intestinal tract, both of men and animals. . . . 
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chronic malady. He had a slight diffuse swelling in the upper dorsal region. 
Some tenderness and possible slight fluctuation were found on deep pressure over 
this area. The lungs showed some dulness, with fine moist rales, most marked on 
the right. Roentgen-ray studies of the lungs did not reveal definite evidence of a 
parenchymatous lesion, but the hilum glands on the right side were somewhat 
enlarged. Stereoscopic study of the dorsal spine showed an increase in the curve 
in the upper dorsal region, with widening of the soft shadows about the vertebrae. 
There was marked haziness of the fourth, fifth and sixth vertebrae with apparent 
loss of the intervertebral space between the fifth and sixth, and sixth and seventh. 
The roentgenologist’s diagnosis was tuberculosis of the spine with abscess 
formation. 

The abscess between the scapulae was aspirated, and thick, yellowish purulent 
matter was obtained. Gross examination failed to show “sulphur granules.” Two 
small sinuses formed in the interscapular region which continued to drain until 
the patient’s death. During his stay in the hospital the patient ran an intermittent 
fever reaching 101 F. practically every afternoon. His pulse rate was constantly 
elevated, generallj' between SO and 100 beats a minute. 

The patient’s strength gradually failed, and on Dec. 28, 1925, he died. The 
clinical diagnosis was pulmonary tuberculosis and advanced Pott’s disease. 

Autopsy. — (Prosectors, Drs. Simpson and McIntosh.) The body was that of 
a short, emaciated white man. Between the scapulae there was a large, irregularly 
oval, fluctuant mass which measured 14 cm. in diameter. Its upper border was at 
the level of the second thoracic vertebra. It measured 5 or 6 cm. in width and 
began in the midline above, but extended somewhat to the left inferiorly. The 
mass rose 1 or 2 cm. above the skin surface.’ It was thin walled, soft, and on 
pressure, thick, purulent, hemorrhagic material was expressed through two small 
openings, one on each side of the midline. They were situated from 5 to 7 cm. 
below the abscess cavity, and communicated with it by sinus tracts. The spinous 
processes of the third, fourth, fifth and sixth dorsal vertebrae could not be 
palpated through the fluctuant area. The remaining dorsal spines were readily 
felt. The cadaver appeared anemic, and showed emaciation, but jaundice was not 
present. 

When the spinal column was examined, it was found that the bodies of the 
vertebrae, from the seventh cervical to the ninth dorsal, were involved in a 
chronic purulent process. There was only a slight peripheral loss of substance 
of the vertebrae. The vertebral bodies, laminae and intervertebral disks were 
coated with thick granulation tissue, interspersed with pockets of fibrinopurulent 
exudate. The spinous processes of the third, fourth, fifth and sixth dorsal 
vertebrae were bathed in pus and showed varying degrees of superficial erosion. 
The outer surface of the spinal dura was much thickened, and was covered for 
the most part by organizing fibrinopurulent exudate. The inner meninges showed 
little change. The cord showed no abnormality. 

The left lung was everywhere adherent to the parietes. In its upper and 
posterior portion there were multiple localized collections of pus between the 
firm fibrous pleural adhesions. The pleura was greatly thickened, partly by 
fibrinous exudate and partly by hyalinized connective tissue. On section the 
fibrous tissue elements of the lung were greatly increased. There was considerable 
purulent matter in the bronchi and smaller bronchioles. Here and there small 
pale areas were seen in the parenchyma, and others slightly larger that were 
definitely minute abscess cavities. 

The right lung was larger than the left, but otherwise they were similar. There 
were the same pleural adhesions and areas of encapsulated empyema. A cut 
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The factor of injur}^ to mucosae, plus susceptibility, unquestionably 
plays a major part. Against such a thesis, of course, is the infrequency 
with which true Actinomyces is found in the crypts of the tonsil dur- 
ing the course of routine histopathologic examinations. In all proba- 
bility, most of the so-called tonsillar actinomycetes are actually colonies 
of harmless mouth organisms which frequently simulate the asteroid 
configuration, staining reactions and size of true Actinomyces. Then, 
too, if Wright’s theory is entirely correct, the ray fungus should be found 
in gastric and intestinal contents examined during life and postmortem. 

In cases 1 and 3, the disease was obviously primary in the lungs, 
with direct extension to the pleura. Organizing adhesive pleuritis is an 
almost constant observation in such cases, with abscesses, sinus tracts 
and encapsulated empyema pockets. The spread of the disease to the 
intercostal spaces, ribs and vertebrae is then the result of contiguous 
extension. 

In cases 2 and 4, the disease apparently had its origin in the appendix, 
with the development of retroperitoneal abscesses aird sinus tracts and 
direct communication by contiguity with the paravertebral tissues. 
Actinomycosis of the appendix and cecum is common, ranking next in 
order of frequency to cervicofacial actinomycosis. The onset frequently 
simulates that of the ordinary acute pyogenic process. Following 
appendectomy or the drainage of a periappendiceal abscess, a discharging 
sinus develops, which resists all ordinary forms of treatment. In such 
cases, actinomycosis should always be considered. 

Most writers have stated that actinomycosis rarely, if ever, affects 
lymphoid tissue. The statement that involvement of the bone and lymph 
glands is extremely rare in actinomycosis and is common in tuber- 
culosis needs some revision as regards the actinomycosis. In our experi- 
ence, involvement of bone has been common, while in two of the four 
cases included in this report (cases 2 and 3), the bronchial lymph nodes 
were the site of multiple abscesses containing many colonies. 

Hematogenous metastasis unquestionably occurs, as is shown by 
the cases in our series in which solitary renal or cerebral or hepatic 
abscesses have been found, with the primary focus in the intestines or 
lungs. But by far the most important manner of spread is by direct 
contiguity, by means of burrowing sinus tracts, almost invariably multi- 
ple, frequently branching and anastomosing, and ultimately reaching 
the surface. The multiplicity of the sinuses, the brawny induration of 
the surrounding tissues and the persistent absence of the tubercle 
bacillus, should direct one's thoughts toward actinomycosis, even in the 
absence of the "sulphur bodies.*' The finding of the lipoid granulation 
tissue on histologic exaniination lends further support. Of course, the 
presence of the ray fungus fixes the diagnosis, but even with repeated 
searches it frequently cannot be found. Brickner regards the long 
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section revealed an old fibroid pneumonia of the upper lobe, but abscess cavities 
were not present. There was likewise purulent bronchitis and bronchopneumonia. 
After removal of the left lung, pressure on the fluctuant tumor mass between the 
scapulae caused the escape of thick sanguinopurulent material into the cavity 
of the chest by multiple sinus tracts that opened in the intercostal spaces. Some 
of these extended along the sides of the vertebral bodies. 

Within the small intestine in its upper portion were two intestinal worms. 
They each measured approximately a yard in length, and in the shape of the head 
and segments resembled Dibothryocephabis -latiis. 



Fig. 1 (case 3 ). — Well defined ray fungus in the center of an abscess which 
has developed between the cancellous trabeculae of the vertebral body. 


Microscopic Observations . — ^The spinal cord showed a localized area of organiz- 
ing chronic pachymeningitis. On the dura mater were many fresh colonies of 
Actinomyces. Chronic purulent fibroid pneumonia, multiple abscesses with many 
colonies of Actinomyces, large areas of fibrosis, areas of regenerating alveoli 
(cells of Tripier), chronic adhesive pleuritis, old organized empyema, excessive 
anthracosis and broiichiectatic abscesses were found on the lungs. Extreme 
anthracosis, hyperplasia of the reticulo-endothelium with many phagoc 3 ’^tes filled 
with hemosiderin and abscesses with colonies of Actinomyces were noted in the 
bronchial nodes. The spleen and liver showed hemosiderosis. Multiple actinomy- 
cotic abscesses with destruction of the bone (figs. 1 and 2), chronic purulent 
osteomyelitis with numerous colonies of Actinomyces and markedly hyperplastic 
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search for Actinomyces as a diagnostic fetish, and his successes with 
iDold surgical intervention would lead one to suggest that the patient’s 
interests are best served if a presumptive diagnosis of actinomycosis 
is made in cases in which the evidence is complete, except for the find- 
ing of Actinomyces, and radical surgical measures adopted early in the 
course of the disease. 

TERMINOLOGY 

Much confusion and controversy has attended the attempts to desig- 
nate this disease properly. Harz, after studying the disease in cattle, 
gave the name “actinomycosis bovis” to the organism in 1877.“® A 
year later, Israel ® isolated a similar organism in man. At least a 
dozen different names have since been applied to the same disease, but, 
thanks to the efforts of the Committee of the Society of American 
Bacteriologists on Characterization and Classification of Bacterial Types, 
this difficulty is rapidly being overcome. In 1920,®® they recommended 
that the generic name Actinomycosis be used for all of these closely 
related and probably identical species: Strcptothrix Cohn, Disconiyccs 
Rivolta, Nocardia Trevisan, Micromyccs Gruber, Oospora Sanvagean 
and Radais, Thermoactinomyccs Tsilinslcy and Cohnistrcptotlirix Pinony, 
with Actinomycosis bovis of Harz as the t3'pe species. 

TREATMENT 

The most important preliminary step to rational treatment is the 
early establishment of the correct diagnosis. . In the thoracic and 
abdominal cases, with vertebral involvement, the possiliility of cure is 
at best remote. One cannot but be encouraged, however, by the brilliant 
results that have followed bold attempts at the extirpation of all diseased 
tissue by courageous surgeons, notably Brickner, during the past decade. 
Brickner injects methylene blue into the sinus. Aided, by the direction 
taken by the blue dye and the use of a probe, he extirpates all ana- 
tomically accessible diseased tissues, going well beyond the margin of 
disease, and treats actinomycosis much as a malignant growth. In one 
of his five successfully ti'eated, consecutive cases, eight extensive opera- 
tions were required before ciu'e was obtained. 

All drug therajw in actinomycosis is -employed on an empiric basis. 
The favorite has been potassium iodide. Thomassen ®" first used it in 
1885 in treating cattle that had buccal actinomycosis. Nocard, in 1893, 

35. Harz: Actinomj’cosis bovis, cin ncuer Schimmel in clcm Gcwchc clcs 
Rindes, Miinchen, Jahresb. d. Muenchcncr Central Tbicrarznei Scbulc, 1877-1878, 
p. 125. 

36. Winslow, Broadburst, Buebanan, Krumwiede, Rogers and Smith: The 
Families and Genera of the Bacteria, J. Bact. 5:191, 1920. 

37. Thomassen : L’Echo Vet., 1885. 
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marrow with many pigmented phagocytes containing hemosiderin were found in 
the vertebrae. Intestinal worms, Dibothryceplialus latns, were found’- and many 
typical eggs were found in feces. 

Pathologic Diagnosis.~The diagnosis was : chronic actinomycosis of the lungs, 
pleura, vertebrae (seventh cervical to ninth thoracic) and meninges; diffuse 
chronic fibroid pneumonia with multiple abscesses; bilateral empyema, with left- 
sided multiple sinus tracts opening through skin posteriorly; atrophy, fatty infiltra- 
tion and fatty degenerative infiltration of heart; hydropericardium; hemosiderosis 
of liver, spleen, Ij-mph nodes and bone marrow; severe anemia; Dibothryocephahts 



Fig. 2 (case 3). — High power photomicrograph of actinomyces in vertebral 
marrow space, showing densely interwoven mycelium in the center and radiating 
clubs at the periphery, surrounded by polymorphonuclear leukocytes. 


Itttus infestation (two worms) ; atrophy, passive congestion and parenchymatous 
degeneration of all organs; moderate atherosclerosis; hypoplasia of the supra- 
renals; aspermatogenesis, and marasmus. 

^ Case A.— History.— Yi. V., an American farmer, aged 41, admitted to the 
University of Michigan Hospital on April 16, 1926, complained of discharging 
sinuses which drained through an old appendectomy scar and about the right iliac 
crest. He had been in good health until six months before, when he was 
operated on for acute appendicitis. The appendix, he said, had perforated, and 

32. The discovery of the fish-tapeworms at autopsy and the abundant evidence 
of blood destruction will be made the subject of a later paper. 
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regarded it as infallible. Most veterinarians in this country still look 
on it as practically a specific.®® Many have ascribed cures to its use. 
As many others have not found it efficacious. Harbitz and Grondahl 
found that the fungus grew luxuriantly in agar, under anaerobic condi- 
tions, to which from 1 to 2 per cent of potassium iodide had been added. 
It is still used in practically every case of actinomycosis in man, and is 
prescribed much as in the treatment of syphilis, beginning with small 
doses which are gradually increased to the point of tolerance. As 
much as 700 grains (45.5 Gm.) a day has been administered without 
discomfort, but in the case in which the massive doses were employed 
there was not demonstrable benefit. In addition to the oral administra- 
tion of potassium iodide, intravenous injections of sodium iodide 
(10 per cent solution in increasing doses from 20 cc. to 100 cc. a da}') 
is a popular treatment. Iodine has also been used in the form of solu- 
tions for irrigation of the sinuses (Lugol's solution, half strength or 
2 to 4 per cent aqueous solution) . Surgical solution of chlorinated soda 
has been used by many, with varying success. Copper sulphate irri- 
gations in 1 to 2 per cent solutions appear to have been of some value 
in lesions of the mouth and neck, but have been of little use in the 
deep lesions of the thorax and abdomen. The roentgen ray and radium 
are used in many clinics, and have given favorable results in a few 
cases. Vaccine therapy has- been employed by many,"*® with apparent 
success. The value of vaccines is difficult to measure, because they are 
usually employed in conjunction with surgical measures and other 
medicinal treatments. The problem of therapy is rendered still more 
difficult by the fact that there are some cases of actinomycosis which 
apparently regress spontaneously. 

A study of these cases seems to prove that bold surgical measures 
give to the patient with deep-seated actinomycosis his best chance for 
recovery. lodization, the roentgen ray and other therapeutic measui'cs, 
should be employed only as adjuvants. 


38. Salmon and Norgaard: Eighth and Ninth Annual Reports, Bur. Animal 
Indust., U. S. Dept. Agric., 1893, p. 109. 

Grondahl: Actinoms’cosis in Norway, Am. J. M, Sc. 142: 

joo, 1911. 

40. Colebrook (footnote 34) Wynn: A Case of Actinomycosis (Strepto- 
l-S'?iQnR^ Successfully Treated with a Vaccine, Brit. M. J. 

Brit V T i C&se of Actinomycosis Successfully Treated bj' Vaccines, 

Scott: Bovine Actinomycosis, Its Pathogenesis and Treat- 
Troat Ji ®'‘k. M. J. 2:1163, 1922. Collie: A Case of Actinom3'cosis 

AptJnn ^ a Vaccine, Brit. M. J, 1:991, 1913. Malcolm: Vaccine in Mediastinal 
iiur 17 1916. Whittier: Case of Actinomj'cosis Improv- 

Grondaw ^ccme Treatment, J. A. M. A. 52:1453 (ilay 1) 1909. Harbitz and 
A’'accinpe -D Kinnicut and Mixter: Actinomycosis Treated with 

■^hfinomU- ^ 1912. Friedmann: Heilimpfung d 

tnom3kose. Munchen. med. Wchnschr. 70:176, 1923. 
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following the operation the wound drained for about a month. About two months 
later, he returned to the hospital for treatment of a left inguinal liernia. 
After four weeks in the hospital, he returned home but did not gain in strength 
or weight. Shortly after this a sinus appeared at the site of the appendectomy 
scar, and discharged a thin, light yellow pus. About four weeks later, a second 
sinus appeared just above the right iliac crest. He then became unable- to extend 
the right thigh, and a position of marked flexion gradually developed. He did 
not have any symptoms directly referable to the spine. He lost about 50 pounds 
(22.7 Kg.) in weight during his illness. His family and personal history con- 
tained nothing relative to his condition. 

Physical Examination. — The patient was greatly emaciated. He was anxious 
and pale, and appeared acutely ill. There was some dulness to percussion poste- 
riorly from the angle of the scapula to the apex of the right lung. Some fine 
rales were heard over this area as well. There was a reddened right rectus sur- 
gical scar with some discharge of thick, creamy pus. A discharging sinus was 
present in the right lumbar region just above the iliac crest. Palpation of the 
right lower quadrant and lumbar region revealed indefinite evidence of abscess 
formation. There was marked tenderness over the lumbar vertebrae, with 
muscle spasm. There was psoas spasm and flexion of the right thigh. The hip 
joint appeared to be negative. 

Special Examinations. — ^Urinalyses were negative. The white blood count was 
12,100, with a normal differential count; the hemoglobin content was 38 per cent. 
Microscopic examination of the pus from the sinuses showed masses of leukocytes, 
mostly mononuclears. Repeated examinations failed to show actinomycotic 
colonies. Stereoscopic films of the spine and abdomen following injection of 
barium into the sinus tracts showed an extensive involvement of the tissues of 
the back. The process was not definitely connected with the bodies of the ver- 
tebrae, as the sinus tract lay more posteriorly, but seemed to involve the transverse 
process of the third lumbar vertebra. 

Course of Disease. — The patient’s temperature varied from 98 to 101 F. His 
pulse rate remained persistently elevated, between 90 and 110. After eleven days 
he became much weaker, passed into a state of delirium and died. 

Clinically, this was considered a case of Pott’s disease. 

Autopsy. — (Prosectors, Drs. McIntosh and Simpson.) The body was that of a 
white man, and showed marked emaciation. The bony frame was large, and- the 
muscles were extremely atrophic. An old appendectomy scar contained the open- 
ings of two fistulous tracts. The lower communicated with a discharging sinus 
that was situated in the scar of a herniotomy on the right side, while the upper 
communicated with a discharging sinus above the right iliac crest. A probe was 
readily passed by either opening in the appendiceal scar through soft necrotic 
tissue into the abdominal cavity. When the sinus in the herniotomy scar was 
probed, it in turn led into the scrotum, where an opening was found on its right 
anterior surface, which, on pressure, exuded thick creamy pus. About 5 cm. 
above the crest of the ilium in the scapular line there was a sinus opening, which 
when probed led deeply into the muscles of the loin. 

On opening the abdomen a generalized purulent peritonitis was found, and 
the right flank and pelvis contained 300 cc. of thick, yellowish, creamy pus. About 
the cecum there were firm fibrous and fibrinous adhesions, and the inflammatory 
process extended up behind the liver, where there were small abscess cavities and 
much granulation tissue; in this region the right lobe of the liver was involved. 

The liver, on section, showed multiple large abscesses, each of which in turn 
was composed of smaller abscess units separated by firm connective tissue septums. 
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SUMMARY 

1. Actinomycosis is a much more common disease in the United 
States than a study of the literature would lead one to believe. 

2. Four cases of actinomycosis of the vertebrae have been encoun- 
tered in the Pathological Laboratory of the University of Michigan. 
All came to autopsy with a clinical diagnosis of tuberculosis of the 
spine. Two of these cases occurred within the past year. 

3. Actinomycosis of the bone is not so rare as is generally believed. 

4. In two of our cases, the primary infection was in the lungs; in 
the other two, the primary focus was apparently in the appendiceal 
region. The spread of the actinomycotic process to the vertebrae was 
due to direct extension by means of dissecting sinus tracts and abscesses. 

5. In actinomycosis of the spine, the characteristic lesion is cortical 
erosion of the vertebrae with vertebral phlegmon, while in tuberculosis 
the disease causes progressive destruction of the bodies, with collapse 
and angular deformity. Central destruction of the body of the vertebra, 
with ultimate collapse and deformity are not found in vertebral 
actinomycosis. The roentgenogram should easily distinguish the two 
conditions. 

6. The many other causes of psoas abscesses should be considered 
before a diagnosis of tuberculosis is made. The development of multiple 
sinus tracts, with brawny induration of the surrounding tissues, and 
the persistent absence of the tubercle bacillus should direct one’s thoughts 
to a consideration of actinomycosis. 

7. The pathognomonic "ray fungi” should be looked for by the 
surgeon who first drains an actinomycotic abscess. Subsequent sec- 
ondary pyogenic infection renders the search more difficult. 

8. Curettement of the granulation tissue wall of a sinus tract, with 
histopathologic examination of the fragments, will often establish the 
diagnosis after frequent examinations of the pus for actinomycetes 
have proved fruitless. The finding of lipoid cells in the granulation 
tissue lends support to the probability that the disease is actinomycosis. 

9. Radical surgical excision of all involved tissue offers the best 
hope of cure. 
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In the last of Paget’s three classic papers, he expressed the convic- 
tion that there is an intimate relationship between the disease which 
has come to bear his name and the formation of malignant tumors. This 
belief was based on the fact that among his twenty-three personally 
observed patients with the disorder, five of the eight who were traced 
to the end died from malignant disease of some kind. 

The tumor of only one of these patients was definitely an osteo- 
sarcoma, although that of another patient was probably of this nature. 
Paget says, concerning the first : 

The upper third of the radius was involved in a large ovoid mass of pale grey 
and white soft cancerous substance, similar to that of the nodules in the pleurae 
and mediastinum, but with growths of bone extending into it. Some nodules 
of similar cancerous substance were imbedded in the bones of the vault of 
the skull. 

The second case was not unlike the first ; a fracture occurred at the 
site of a growth in the upper portion of the right humerus, necessitating 
an amputation at the shoulder joint. The lesion was described as “a well 
marked and very vascular medullar)' cancer investing and infiltrating the 
upper part of the humerus.” 

Although isolated examples of osteosarcoma and other tumors occur- 
ring in the disease were thenceforward reported, an attempt to assemble 
all of the cases subsequent to Paget’s papers was not made until 1901 , 
when Packard, Steele and Kirkbride - collected sixty-six authentic 
instances of the disorder, five of which were complicated by osteosar- 
coma ( 7,5 per cent), three by carcinoma in some portion of the body 
( 4.5 per cent) and two by nonmalignant tumors. “When we bear in 
mii7d. say these authors, “that osteitis deformans is especially prone to 
affect those beyond middle age, it is not surprising that about 4.5 per cent 
of the cases had cancer, although the high percentage of 7.5 per cent 
of sarcoma must have some significance.” 

* From the Surgical Clinic of Dr. Harvey Cushing. 

o J,' James: Remarks on Osteitis Deformans, Ulus. M. News 

loW, 

"t Firkbride. T. S. : Osteitis Deformans, 

J. M. Sc. 122:552, 1901. 
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Microscopic Observations . — The spinal cord showed only congestion and edema. 
Well marked subendocardial fatty degenerative infiltration of the heart extended 
deeply into the wall, but there were small areas of fibrosis which did not show 
active inflammatory infiltrations. There was moderate atherosclerosis of the cor- 
onary arteries. There was localized chronic perisplenitis and chronic passive 
congestion of the spleen wtihout amyloid. Chronic productive perienteritis, with 
more recent purulent peritonitis, was present in the small and large intestines 
(fig. 3). 

Large abscess areas on the liver were made up of multiple small abscesses 
separated b}" connective tissue septums. In the center of nearly every one of the 



Fig. 4 (case 4). — Multiple actinomycotic abscesses, with characteristic lipoid 
granulation tissue, in lumbar vertebra. Ray fungi show distinct peripheral clubs. 


smaller abscesses was an actinomycotic colony, with well defined central mycelium 
and distinct peripheral radiating clubs. The septums and peripheral zone of the 
abscesses were made up of old hyalinized repair tissue, while the small abscess 
units were lined by a younger fibroblastic and angioblastic granulation tissue, rich 
in lipoid cells. The liver cells at the periphery showed pressure atrophj', with 
regenerative proliferation of the bile ducts. Fatty infiltration was most marked 
at the periphery of the lobules, and there was slight diffuse fatty degenerative 
infiltration (fig. 4). 

The marrow spaces of the lumbar vertebrae were filled with pus cells and 
lipoid granulation tissue containing scattered ray fungi. There was considerable 
destruction of the bone trabeculae. The right psoas muscle showed chronic 
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Two papers, one by Gruner, Scrimger and Foster “ in 1912, and 
another by DaCosta, Funk, Bergeim and Hawk three years later, have 
dealt specifically with malignant complications in Paget’s disease, each 
reporting about 9 per cent of tumors of all varieties. In 1917, Heazlit ® 
described a case in which there were multiple sarcomas, and Camp ® has 
more recently recorded two cases of sarcoma in which the diagnosis 
of coincidental Paget’s disease was established on roentgen-ray evidence. 
In a review of his personal records, among sixty-five patients with 
instances of the disorder, Locke ' found four with osteosarcoma or 
fibrosarcoma (6.2 per cent) . 

REPORT OF CASES 

My interest in the subject was initiated by the unfortunate individual 
whose clinical history follows : 

Case 1. — Enlargement of the calvarium over a period of ten- years. Recent 
growth of large sarcoma of skull. Partial removal of tumor. Roentgen-ray treat- 
ment. Necropsy. 

C. B., a nurse, aged 66, unmarried, was admitted on Nov. 20, 1923, with an 
obvious enlargement of the skull and an immense soft growth beneath the scalp 
in the left parietal region (fig. lA). In the center of this mass was a herniated 
nubbin where an incision had been made, probably with the expectation of draining 
an abscess. Other physical changes were not apparent except that she looked a 
little pale and showed evidence of moderate loss in weiglit. 

In the absence of any noticeable abnormalities in the skeleton with the excep- 
tion of the large skull, suspicion of Paget’s disease was not aroused until the 
cranial roentgenograms disclosed an advanced state of the disorder in addition to 
a large irregular area of bone destruction in the region of the tumor (fig. 2). 
Subsequent roentgenograms of the remainder of the skeleton disclosed unmis- 
takable alterations in the upper ends of the femora, in the pelvis and in the 
lumbar spine. 

In an effort to prevent the occurrence of a foul fungating mass. Dr. Cushing 
reflected the tense scalp from over the tumor and roughly extirpated the major 
portion of it. The small fungus was then excised from the scalp, the galea being 
closed from within. A clean closure of the scalp was thus effected (fig. IB). 

As anticipated, the growth rapidly recurred, and the patient died three months 
later. Permission was secured for an unrestricted autopsy with removal of the 

3. Gruner, O. C. ; Scrimger, F.'A. C, and Foster, L. S. : A Clinical and 
Histologic Studj'^ of a Case of Paget’s Disease of the Bones with Multiple Sarcoma 
Formation, Arch. Int. Med. 9:641 (June) 1912. 

4. DaCosta, J. C. ; Funk, E. H. ; Bergeim, O., and Hawk, P. B. : Osteitis 
Deformans : A Report of Five Cases, with Complete Metabolism Studies in Two 
Instances and a Review of the Literature, Pubs. Jefferson Med. Coll, and Hosp. 
6:1, 1915. 

5. Heazlit, L. : Sarcoma Complicating Paget’s Disease of Bone : Report of 
Case, N. Y. State J. Med. 17:330, 1917. 

6. Camp, J. D. : Sarcoma Complicating Osteitis Deformans : A Report of 
Two Cases, Radiology 5:495-499, 1925. 

7. Locke, E. R. : Personal communication, July 9, 1925. 
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the rocnlgcnograiiis leave no reasonable doubt that the condition was a sarcoma, 
probably of the endothelioma type. 

Case 33 . — Fibropcrwslcal sarcovta of femur. B. M., a woman, aged 33, first 
felt pain in the right knee in March, 1918; six months later a swelling appeared 
and slowly increased in size. An exploratory operation was performed by 



Fig. 58 (case 133 in table 7). — ^Periosteal sarcoma of femur. 

Dr. George Wofis^r1[r'rcel«kill Hospital, Jan, 25, 1919. The microscopic diag- 
nosis was fibrosarcoma. Th^patient was admitted to Memorial Hospital, in the 
service of Dr. H. H. Janeway, March 13. 

Physical examination at this time showed a swelling, the size of a small 
orange, in the lower extremity of the right femur. ‘ The clinical diagnosis was 
sarcoma of the femur. March 13, the patient received a radium treatment in the 
form of a pack, 14,804 millicurie hours at 6 cm. distance ; in addition, she received 
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five roentgen^ray treatments from May 23 to September 22. The disease was 
under almost complete control for a period of more than three years. At the end 
of this time, there was evidence of recrudescence accompanied by bone destruction 
and a pathologic fracture occurred. The leg became useless and was amputated 
by Dr. Woolsey, March 27, 1924. The microscopic diagnosis of Ewing was 
long spindle cell fibrosarcoma with occasional points of hyaline osteoid tissue. 
She was reported well in August, 1926, two and one-half years after amputation. 

Case 34. — Tumor of the left tibia, endothelioma (?)', roentgeiir^'ay radiation; 
recovery; zocll two and one-half years later. 

S. L., a woman, aged 19, fell downstairs in February, 1922, striking the left 
leg just below the knee; two months later she felt a sharp pain radiating from the 
knee to the thigh and hip. She was admitted to the Hospital for Ruptured and 
Crippled in the early part of September, and was treated with local applications 
without relief. The left leg became greatly swollen, and walking became very 
difficult; her temperature rose to 101-102. Dr. Percy Roberts made a diagnosis 
of osteomyelitis and advised operation. This diagnosis was confirmed by roentgen- 
ray findings. The patient was referred to the .outpatient department of the 
Memorial Hospital, September 26. Physical examination on admission showed 
a diffuse swelling over the anterior aspect of the left tibia just below the head. 
The circumference of the left calf at that point measured 11 inches (27.9 cm.) ; 
the opposite calf measured 1054 inches (27.2 cm.). The swelling covered an area 
from about 5 to 6 cm. wide; it was slightly elevated and somewhat tender on 
pressure. 

Roentgen-ray examination by Dr. R. E. Herendeen, September 29, stated: 
"The plate of the tibia reveals evidence of changes in the upper third; it has some 
of the features seen in an endothelioma. It lacks the appearance usually noted in 
periosteal growths or giant cell tumors. The diagnosis is endothelioma. The 
plate of the lungs does not reveal definite evidence of metastases." 

The patient received six roentgen-ray treatments from September 26 to 
December 29. Roentgen-ray examination, Nov. 7, 1923, showed marked improve- 
ment in the condition of the tibia, with no evidence of a recurrence; the patient’s 
general health was excellent. 

In the absence of a microscopic examination in this case and the fact that 
there were several features pointing to osteomyelitis, it cannot be regarded defi- 
nitely as a malignant tumor. Our diagnosis at the time treatment was begun was 
osteitis. 

Case 35. — Osteogenic sarcoma of femur. I. L., a man, aged 20, was admitted 
to the Hospital for Ruptured and Crippled, March 13, 1925. In March, 1921, four 
years before, the patient’s left leg was caught in the door of a subway train and 
was severelj’ squeezed. Three days later he felt some pain, which became more 
severe and localized over the greater trochanter; the pain was of an intermittent 
nature, and kept the patient in bed only a few days at a time; however, the 
attacks became more frequent. He was admitted to the Jewish Hospital of 
Brooklyn, July 25, 1923, where an operation (osteotora 5 ' and curetting of bone) 
was performed, August 7. The microscopic diagnosis was osteomyelitis. Roent- 
genograms taken at this time showed nothing at all suggestive of sarcoma, only a 
marked thickening of the femur with sclerosing of the bone, typical of a chronic 
sclerosing osteitis. 

A roentgenogram taken at the time of the patient’s admission to the Hospital 
for Ruptured and Crippled showed that certain changes had taken place since the 
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Fig. 17 (case 5). — The ilium largely destroyed by sarcoma. 
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Eight years later, in 1922, he again appeared because of a firm enlargement at 
the summit of the same shoulder. This had grown to the size of an orange in 
six weeks and was very painful. Roentgen-ray examination disclosed, in addition 
to the osteitis deformans, a destructive process with bone production in the region 
of the outer end of the clavicle and the upper portion of the scapula (fig. 19). 
Photomicrographs of sections obtained from the amputated upper extremity showed 
the characteristic lesion of osteitis deformans and the adjacent osteosarcoma 
(figs. 20 and 21). 

Shortly after operation, a hard nodule appeared in the frontal bone and grew 
progressively larger. He became emaciated, had repeated hemoptysis and died 
one month later. Autopsy was not performed. 

Investigation of the records at the Registry of Bone Sarcoma " 
brought to light, among their 670 cases of all types, benign, malignant 
and inflammatory, three more instances of malignancy superimposed 



Fig. 19 (case 6). — The sarcoma has arisen in the clavicle affected by osteitis 
deformans. Note the cotton-tuft appearance of the head of the humerus as well. 

on Paget’s disease. The first patient, as in case 1, had a primary growth 
in the thickened cranial vault. 

Case 7. — Tyftical photographic appearance and roentgen-ray picture of Paget’s 
disease. Sarcoma of skull (biopsy). Death zvifh hemaplegia. Autopsy was not 
performed. 

S. C., a farmer, aged 69, reported to his physician because of a hard swelling 
in the right frontal bone which had been present for eight months and had rapidly 
grown larger over a period of four weeks. A photograph (fig. 22), a roentgeno- 
gram of the skull and a section of the tumor growth make a diagnosis of Paget s 
disease, with osteosarcoma of the skull, probable. 

The enlargement of the calvarium, the dilated and tortuous temporal artery 
and the projection of the head are significant, while the roentgenogram shows 

9. Registry of Bone Sarcoma of the American College of Surgeons, Dr. D. B. 
Phemister, Registrar. Chicago. 
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bird-sarcoma and PAGET’S DISEASE 

Case l.—Osieosarcoma of Hum. Paget’s disease of iliinn, skull and other 
bones by roentgen ray. Palltafive radiographic treatments. Necropsy not per- 
formed. 

M. W., an Irssh-American boilermaker, aged 60, entered the hospital on 
Feb. 5, 1924, for roentgen-ray treatment of a huge, firm, fixed swelling in the 
right gluteal region, apparently originating from the ilium (fig. 5). The tumor 



Fig. 5 (case 2). — Sarcoma arising in the ilium. 



Fig. 6 (case 2). — Early Paget’s disease in the skull. 


had grown slowly over a period of eight months, causing pain, paralyses and 
paresthcMas consistent with pressure on the lower lumbar and sacral nerves of the 
rig U side. By rectal e.Namiiiation a large mass could be felt filling the concavity 
of the sacrum on the right side. 

to skeleton. These showed, in addition 

o the .picule fonnation of an osteosarcoma in the ilium (fig. 7), the alternate 
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areas of increased and decreased density characteristic of osteitis deformans in 
the bones of the pelvis, the upper ends of the femora, the lumbar and lower 
dorsal spine, the upper ends of the humeri, and, most interesting of all, a very 
early process in the skull (fig. 6) . 

Eight deep roentgen-ray treatments were given, which decreased the pain and 
apparently checked the advance of the growth. Evidences of pulmonary involve- 
ment with a cough and hemorrhages soon appeared, and the man died at his 
home one year after the onset of his illness. Necropsy was not performed. 

A third example of sarcoma involving the humerus in a case of 
Paget’s disease was subsequently found in the Brigham hospital records. 



Fig. 7 (case 2). — Osteitis in the pelvic bones and femur. Spicule formation 
by the sarcoma. 


A complete preoperative report of this case has already appeared in 
Locke's paper.® 

Cask 3. — Paget's disease for clcz'cn years. Recent grozvlh of a painful sarcoma 
at the right clbox\.'. Amputation at the shoulder girdle zoith relief. End-result not 
hnozen. 

M. S., an English violinist, aged 63. known to have liad osteitis deformans for 
eleven years, became afflicted with a painful swelling of the right elbow (fig- 8). 
Roentgenograms showed widespread Paget's disease, including the skull (fig- 9) 

8. Locke, E. : Osteitis Deformans with Sarcoma of the Humerus, CUn. 
X. .\mer. 1:947, 1917 
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the variations in density with the thickening of the skull which is characteristic 
of the disease. The area of local bone destruction is similar to that in the 
roentgenogram of the skull in case 1 (fig. 2). 

When a biopsy had been made, the patient was sent home. He became 
hemiplagic on the right side, and died one year after the appearance of the cranial 
tumor. From the section submitted for microscopic study, the concensus of 
opinion favors the diagnosis of fibrosarcoma. 

Detection of the osteitis in a second case from the Registry was due 
to thorough roentgen-ray study. 

Case 8. — Sarcoma of right femur. Osteitis deformans in many hones by roent- 
gen ray. Amputation' at the hip. Death with pulmonary symptoms two months 
later. Autopsy was not performed. 



Fig. 22 (case 7). — Paget’s disease with sarcoma of the frontal bone. 

C. H., aged 56, a banker previouslj'' in good health, “sprained” his right knee 
while descending a stair. Pain and swelling resulted and persisted. In four weeks 
a more severe distress, localized in the lower end of the femur, and accompanied 
by an enlargement over the outer side of the thigh near the knee, caused him to 
seek advice. Roentgenograms showed the usual changes of Paget’s disease in the 
upper ends of both tibiae and in the femur, together with slight thickening in 
the bones of the cranial vault, while the right femur was partially destroj'cd, 
evidently by the tumor. 

.imputation at the hip joint was performed. Dyspnea and a cough developed, 
and the patient died two months later. The growth proved to be an osteosarcoma 
of a malignant type. (No sections of bone remote from the tumor were sub- 
mitted. and none of the roentgenograms or sections of the neoplasm are smt- 
able for reproduction.) 

A third case from the Registry was e.xtremely malignant, although 
at first it was thought to be of the benign giant cell tumor type. 




93 
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Case 9.— Advancing osteitis deformans for fifteen years. Rapidly growing 
sarcoma of left Jutmenis. Local curettage without relief. Intensive radiotherapy 
Death with pulmonary metastases. Necropsy was not performed. 

J, J. C, a physician, aged 45, for fifteen years had noted the gradual enlarge- 
ment and boNving of the bones of the lower extremities when he became troubled 
by a pain in the left shoulder accompanied by the rapid enlargement of a swelling 
in this region. After a month he was in acute distress. Roentgenograms showed 
a destructive process in the upper third of the left humerus. The mass was 
opened and locally curetted. One month later, following recurrence of the pain 
and swelling, a second curettage was done. A persistent cough developed, and 



Fig. 23 (case 9.) — Rapidly growing osteosarcoma of humerus containing many 
foreign body and true tumor giant cells. Van Gieson’s stain ( ?) ; X 300. 

roentgenograms of the chest showed metastases. In spite of intensive radio- 
therapy, he failed rapidly and died five months after the appearance of the mass. 

Together with the destructive process due to the tumor, roentgenograms of 
the left humerus and right tibia showed an increase in size of the bones with the 
coarse, parallel trabeculations and the alternating areas of increased and decreased 
density of Paget’s disease. (The roentgenograms are not suitable for reproduc- 
tion.) Microscopic study of the tissues removed at operation showed a malignant 
o.steogenic sarcoma containing many foreign body and true tumor giant cells 
(fig. 23). 

IXCIDENCE 

There was approximately one case of osteitis deformans among every 
15,000 patients admitted to the Boston hospitals, corresponding closelv 
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and the bones of the extremity involved (fig. 10). The lower third of tlie 
humerus was largely destroyed by the sarcoma. An amputation at the shoulder 
girdle was carried out by Dr. John Homans with complete relief from pain, and 
the patient was discharged three weeks later, greatly improved. 

The tumor probably arose from the periosteum of the humerus, destroying a 
portion of the bone, obliterating the joint cavity and invading the soft tissues of 
the forearm. Sections from the humerus showed the typical lesion of Paget’s 
disease (fig. 11) while the growth itself was a rather slow growing fibrosarcoma 
(fig. 12). . 

In order to satisfy my curiosity as to whether other large hospitals 
had received similar cases, permission was given by the officials of the 
Boston City Hospital, the Massachusetts General Hospital, and the 
Huntington Memorial Hospital to examine their records and utilize them 
for my purposes. Three additional examples of osteosarcoma compli- 



Fig. 10 (case 3). — Destruction of the humerus by the sarcoma. Humerus, 
ulna and radius affected by the osteitis of Paget. 

eating osteitis deformans, all verified by pathologic examination, have 
thus been supplied. In the following case the lesion involved the head 
of the humerus. 

Case 4. — Progressive deforming osteitis for fifteen years. Rapidly growing 
osteosarcoma of humerus. Roentgen^ray treatment without apparent benefit. 
Pneumonia and death. Autopsy. 

H. F., a German gardener, aged 64, married, had been admitted to the Peter 
Bent Brigham Hospital in 1919 because he complained of pains in the legs. 
Roentgen-ray study confirmed a diagnosis of osteitis deformans made on the 
basis of an enlarged calvarium, bowing of the back, bowing of the lower legs and 
a great decrease in height. The condition had been progressive over a period of 
from twelve to fifteen years. 

Five years later, in 1924, the patient entered the Boston City Hospital because 
of a rapidly enlarging painful sw’elltng of the right shoulder which had been 
noticed for only three weeks (fig. 13). The skin over the mass was of a purplish 
hue with dilated veins coursing beneath it, while the tumor itself was /irmly fixed 
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to the reports of one in 10,000 at the Johns Hopkins Hospital one 
in 13,000 at the Jetferson Hospital,’* and one in 16,000 at the Mayo 
Clinic.^*- Osteitis deformans is probably not so rare as the figures indi- 
cate. Patients with uncomplicated Paget’s disease do not often find 
their way into our hospitals ; if they should do so because of some com- 
plicating disorder, the osteitis deformans may not be indexed; and 
unquestionably many early examples of the malady with monosteitic 
manifestations have been in the past and may still be frequently over- 
looked. At the Peter Bent Brigham Hospital, this being the youngest 
of the institutions whose figures are quoted, fifteen cases have been 
disclosed among 45,000 persons admitted or one in 3,000, possibly 
because in recent years a far larger percentage of patients (80 per cent 
of all admissions) have had roentgenograms taken. 

Sarcoma occurred as a complication in seven of the sixty-four 
patients with osteitis deformans recorded in the three major Boston 
hospitals (roughly 11 per cent). It may be assumed that lesser degrees 
of osteitis deformans in patients with frank sarcoma were occasionally 
overlooked. (The recognition of these cases would add to the recorded 
number of instances of Paget’s disease complicated by sarcoma, but 
might not increase the percentage of the complication because of the 
relativel}'^ large number of uncomplicated cases of osteitis deformans 
which would also be found.) 

DIFFERENTIAL DIAGNOSIS 

Paget’s disease with complicating sarcoma must be distinguished 
from : 

1. Bone tumors with metastases: osteosarcoma (including malignant giant 
cell tumor), endothelioma of bone (Ewing’s tumor), and multiple myeloma. 

2. Metastatic carcinoma of unknown source. 

3. Paget’s disease with other types of tumor, including meningioma. 

4. Paget’s disease with syphiloma or other chronic infectious process. 

When the history of osteitis deformans dates from several years 
before the onset of the acute symptoms of malignancy, its presence 
is, of course, unmistakable, but often the diagnosis can be made only 
by painstaking clinical and comprehensive roentgenologic examinations. 
In either case the local alteration at the site of the tumor will appear 
in the roentgenograms in addition to the more or less generalized 
process. 

10. Hurwitz, S. H. : Osteitis Deformans, Paget’s Disease: A Report of Six 
Cases Occurring in the Johns Hopkins Hospital and Dispensary, Bull. Johns 
Hopkins Hosp. 24:263, 1913. 

11. Carman, R. D., and Carrick, W. M. : The Roentgenologic Aspects of 
Osteitis Deformans, Paget’s Disease, with Reports of Fifteen Cases, J. Radiol. 
2:7 (April) 1921. 




Fig. 11 (case 3). — ^The bone of Paget’s disease (more vascular in this case 
than is usual). Hematoxylin and eosin stain; X 80. 




Fig. 12 (case 3). The sarcoma. Hematoxylin and eosin stain; X 80. 




BIRD— SARCOMA AND PAGET'S DISEASE 
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There is usually, but not always, enough bone production in an osteo- 
sarcoma to cast the typical radiating shadows, whereas fibrosarcomas 
with little or no bone production, malignant giant cell tumors, endothe- 
liomas, hemangiomas and multiple myelomas will invade the surrounding 
tissues but fail to show the radiating spicules. The benign giant cell 
tumors exhibit the well known coarse trabeculation with expansion 
of the intact cortex, while the multiple myelomas show widespread 
destruction and crumpling of the bone with no remaining evidence 
of the medullary cavity in the portion involved. The so-called malignant 
giant cell tumors, the multiple myelomas and the metastatic carcinomas 
most often cause widespread areas of destruction in remotely distributed 
portions of the skeleton, those of the metastatic carcinomas being par- 
ticularly discrete. 

A meningioma in a subject with osteitis deformans may only with 
difficulty be distinguished from osteosarcoma of the skull, for the 
osteitis may so dominate the roentgenogram that the complicating over- 
growth or destruction due to the tumor is obscured. Clinical symptoms 
and signs may be indecisive, leaving the diagnosis to operative or post- 
ihortem examination. Kennedy has recently presented before the New 
York Neurological Society a patient with a tumor arising from the inner 
table of the skull, compressing or invading the brain and causing 
cerebral symptoms. There was a large left frontal prominence, arid 
the roentgenogram showed the typical appearance of Paget’s disease. 
It is probable that this patient, like the fourth in Sir James Paget’s 
original paper had a meningioma complicating osteitis deformans. 

Multiple irregular bosses on the skull added to the generalized thick- 
ening of osteitis deformans should suggest superimposed syphilis or 
tumor. The diagnosis will rest on further evidence of syphilis, the 
progress of the disease and the therapeutic test. 

It is well to bear in mind that chronic infectious processes, including 
syphilis, occasionally occur in and around bone, closely simulating 
sarcoma both clinically and pathologically. 

COMMENT 

The malignant tumors in the cases reported were all fibrosarcomas 
with varying amounts of bone production and foreign body or tumor 
giant cell reaction. Instances of benign giant cell tumor arising in 
Paget s disease have not been found, and none are so recorded at the 
Registry of Bone Sarcoma.^® 

12. Kennedy, F. : A Case of Paget’s Disease of the Skull, .'\ssuming a Malig- 
nant Character, Arch. Neurol. & Psychiat. 11:599 (May) 1924. 

13. Paget, Sir James: On a Form of Oironic Inflammation of Bones (Osteitis 
Dcfnnnansi , Med. Chir. Tr. 60 :37. 1S77. 
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and moderately tender. Muscle spasm at the shoulder girdle was extreme. Roent- 
genograms showed involvement of the skull, tibiae, femora, pelvis, spine, humeri, 
ribs, scapulae and claviculae by Paget’s disease. In the upper third of the right 
humerus was a destructive process which appeared to have arisen in bone affected 
by osteitis deformans. (The roentgenograms are not suitable for reproduction.) 

In spite of two roentgen-ray treatments, the patient became weak and emaciated, 
developed a cough and pneumonia and died. Autopsy showed widespread Paget’s 
disease and an osteosarcoma of the upper portion of the right humerus. The 
microscopic sections from this case (figs. 14 and 15) have been loaned by 
Dr. Mallory. 

In the next case a primary tumor of the ilium caused death from 
multiple metastases even involving the skull. 



Fig. 13 (case 4). — Characteristic deformity of Paget’s disease with the sarcoma 
at the summit of the right shoulder. 


Case 5. — Paget’s disease for at least three years. Gradual enlargement of the 
head for one year. Grozvth of sarcoma of right ilium over a period of nine 
months. Pulmonary embarrassment. Death. Autopsy. Regional and remote 
metastases. 

C. D., a locomotive engineer, aged 53, was first seen in 1923, when he complained 
of attacks of pain in the right flank suggesting renal colic. Roentgenogram 
showed Paget’s disease in the bones of the pelvis. 

He returned to work and remained well until February, 1925, when he fell 
on the ice, striking against his right ilium. From this time he suffered greatly 
from pain both in this region and down the back of the right thigh and leg. Rapid 
loss of weight and weakness accompanied the appearance of a firm mass which was 
not tender. This mass grew, at first slowly, then rapidly, below the crest of the 
right ilium and extended into the right inguinal and gluteal regions. 

The patient’s head was now found to be enlarged, squared and rouglicne<l, 
while a hat, comfortable the year before, had become too tiglit for him. The 
roentgenograms showed the alterations of Paget’s disease in the skull as well 




1206 ARCHIVES OF SURGERY 

Packard, Steele and Kirkbride’s patient,- a man aged 62 , who had 
had Paget’s disease for- years, became afflicted by a tumor of the skull 
(fig. 24) , sections from which showed a “typical giant-celled sarcoma.” 
The tissue consisted of bundles of spindle cells and masses of round 
cells, but there were also many larger bodies with a single, irregularly 
staining nucleus and numerous giant cells with five or more nuclei. This 
was probably a cellular osteosarcoma with marked foreign body and 
tumor giant cell reaction. The case reported by Heazlit ® as metastasiz- 
ing “giant-celled sarcoma” was probably of the same nature, while case 
1 of the present series showed a few foreign body giant cells and many 
true tumor giant cells in a fibrosarcoma; I am inclined to believe 
that this falls, with case 9, in the same category. 

The primary new growth was in the skull in two of the nine cases, in 
the upper portion of the humerus in one, in both the scapula and clavicle 
in one, in the ilium in two and in the lower portion of the femur in one. 



Fig. 24. — Packard, Stelle and Kirkbride’s patient. Bowed legs of Paget’s 
disease ; sarcoma of frontal bones. (Reprinted from Am. J, M. Sc., 1901, vol. 122, 
by permission of the authors and publishers.) 


The tumors would be expected to arise in any bone in the body just 
as osteitis deformans may occur in any bone. Metastatic tumor nodules 
appeared in the skull in two instances. 

Eight of the nine cases occurred in males, but uncomplicated osteitis 
deformans occurs in this sex in only about 65 per cent of cases, and one 
would expect those complicated by malignancy to correspond. 

In eight instances the sarcoma arose in bone markedly affected 
by Paget’s disease, while in one case the underlying disease was not 
suspected until roentgen-ray examination was made. Thorough roent- 
genographic study is essential, and, as has been suggested, patients with 
bone sarcoma, especially when over middle age, should have a roentgen- 
ray examination of the entire skeleton. 

A roentgenogram covering only the field of the tumor may fad to 
detect Paget’s disease, either because the widespread involvement by the 
sarcoma obscures the osteitis, or because the Paget’s disease is so slight 
in the bone from which the tumor arises as to remain unrecognized. 
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It is probable, however, even in these instances, that the sarcoma 
originates from bone affected by Paget’s disease (whatever this dis- 
turbance may be) ; otherwise the age grouping is difficult to understand, 
for it is well known that bone sarcoma is a disease of childhood and 
early adult life. Gross, in a classical study of bone sarcomas, notes 
that of thirty-nine cases of periosteal sarcoma, the average age of onset 
was 23 years, the youngest age 12 and the oldest age 55. 

In the present series of sarcomas arising in Paget’s disease, the 
average age of onset of tumor symptoms was 57 years, the youngest 
36 and the oldest 69. 

The bone sarcomas appear to fall then into two large groups, those 
of youth, in which the overgrowth arises in developing or healing bone, 
and, those usually of later life in which the tumor originates from the 
irritated (?) bone with the altered structure known as a deforming 
osteitis. 

The unfavorable prognosis of all sarcomas of bone is common knowl- 
edge. Of the nine patients in the present series, eight are dead and the 
result in one case is unknown. The condition in case 1 was not 
relieved by partial removal of the tumor from the skull or by roentgen- 
ray therapy. In case 2, rapid growth of a sarcoma of the ilium was 
apparently arrested, and there was partial relief from pain, following 
intensive roentgenotherapy. Amputation of a humerus affected with 
sarcoma gave relief from discomfort in case 3. In cases 4 and 5, the 
patients, treated by roentgen ray alone, were not benefited, while in case 
6, temporary respite from the pain of a large sarcoma of the scapula 
and clavicle was afforded by radical amputation. Two patients treated 
by local excision and one by radical operation were unimproved and died 
with metastases. Among the eight instances in which the end-results 
are known, the average duration of life after the first evidence of 
malignancy was eight months, the shortest two and one-half months, 
the longest one year. 

It is interesting to note that when three of our patients were originally 
seen the condition was uncomplicated Paget's disease, and later com- 
plicated by sarcoma. Gruner, Scrimger and Foster " were impressed in 
their case, as they might well have been, by the “step-like changes in the 
bones from an apparently simple process f osteitis deformans) to one of 
diffuse malignancy.'’ This occurred in a man. aged 56. while under 
observation in the hospital, severe pains in the right arm and shoulder 
being superimposed on the- “rheumatic’’ pains of an okl osteitis defor- 
mans. Three months later, swellings apjjeared over the right shoukler 
and radius, and the radius fractured spontaneously. Resection at the 

14. Gros.c. S. W. : Sarcoma of the Lons Rones; Based on a Study of One 
Hundred and Sixty-Five Cases. .Xm. J. M. Sc. 78:2. 1879. 
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as in the pelvis. In the cranial roentgenogram were seen two or three small, 
round, punched-out areas suggestive of metastases (fig. 16), and. in the right 
ilium there was disclosed a , large area of destruction interpreted as sarcoma 
(fig. 17). , 

Four intensive roentgen-ray treatments failed to relieve the discomfort, and a 
persistent cough with marked dyspnea appeared, followed shortly by the removal 
of several liters of bloody fluid from the pleural cavities. 

Necropsy disclosed widespread sarcomatosis. A large tumor had arisen from 
and partially destroyed the right ilium,- invading the right inguinal region and the 
right side of the pelvis. The growth extended along the retroperitoneal and 
portal lymph channels and involved the omentum, stomach and liver. Metastases 
were present in the pleural cavities and lungs while in the calvarium were several 
sharply punched-out defects filled with tumor of a similar nature. 



Fig. 16 (case S). — Paget’s disease with small punched-out areas caused by 
metastatic nodules of sarcoma in the calvarium. 

The microscopic sections showed osteogenic sarcoma, in the original tumor 
and in the metastases, and bone from the skull exhibited the characteristics of 
osteitis deformans (fig. 18). 

In the following case, the youngest person in the series, the disease 
is first recorded as having been present at the age of 16. The bones 
about the shoulder joint were involved in the tumor, and there were 
terminal metastases to the skull. 

Case 6. — Osteitis deformans for tzventy years. Sarcoma of clavicle. Amputa- 
tion at shoulder girdle zvith relief from pain. Death from pulmonary and cranial 
metasta.zes in three months. 

J. M.. an Irish-American shoemaker, aged 36, came to the outpatient depart- 
ment in 1914 complaining of pain in the right shoulder following slight trauma. 
Roentgenograms showed the changes of Paget’s disease in many of the bones of 
the body. 
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shoulder girdle was ineffective, metastatic tumor nodules appearing in 
the skull coincident with the rapid decline of the patient. Autopsy 
showed widespread osteosarcomatous lesions together with the typical 
gross- and microscopic appearances of osteitis deformans. 

In only one instance was there a history of syphilis (case 4). The 
patient had had a chancre and a rash, and the blood Wassermann 
reaction was strongly positive, but physical signs of syphilitic infection 
were not present. The evidence of Paget’s disease was unmistakable 
(figure 15), although the patient may also have had syphilis. 

SUMMARY 

The files of the Peter Bent Brigham Hospital, the Boston City Hos- 
pital, the Massachusetts General Hospital and the Huntington Memorial 
Hospital contain, so far as can be determined, case histories of sixty-four 
examples of Paget’s disease of the bones. 

In five of these cases, a sarcoma had arisen in bone involved in 
osteitis deformans, as verified by the pathologic examination of operative 
or postmortem tissues. (Three other cases from the Registry of Bone 
Sarcoma and two from the above institutions doubtless represent addi- 
tional instances of the combined disorder!) 

The incidence of sarcoma in Paget’s disease, therefore, so far as 
it is represented among hospital patients in this country, would be 
approximately one in ten, a sufficiently high percentage to excite surprise 
in view of the age of these patients and the fact that bone sarcoma 
is considered to be a disease of youth. 

In elderly people afflicted with sarcoma of bone roentgenograms of 
the entire skeleton should always be taken, for it is probable that the 
coexistence of the osteitis deformans of Paget is frequently overlooked. 
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last picture of two years before; the bone was larger and tliicker and the density 
seemed not quite so marked: instead of the periosteal line of the bone being intact, 
there were a few erosions in one area — a few indentations in the normal outline. 
.‘\pi)arcJitly. there was a small amount of new Ixjne production beyond the normal 
line. The picture did not permit one to make a diagnosis of sarcoma, although it 
was more suggestive of sarcoma than the earlier pictures. 



Fig. 59 (case 133 in table 7). — After two months’ treatment with Iiigh voltage 
roentgen rays. The patient died a few months later of lung metastases. 


An exploratory operation was performed. March 16, 1925. When the muscle 
was cut through, some soft, vascular tissue was found which had broken through 
the periosteum. There was some discussion at the time as to whether tliis was 
tumor tissue or the product of an old inflammatory process ; some of it was taken 
for culture and section. The periosteum around the bone was thickened and a 
section of this also was taken for examination. The microscopic diagnosis of 
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Dr. F. M. Jeffries was mixed cell sarcoma; that of Dr. James Ewing, osteogenic, 
polygonal cell, malignant sarcoma. 

The patient was put on the mixed toxins, April 1, and the dose daily increased 
up to the point of producing a marked reaction. Immediate improvement, was 
noticed. The pain disappeared, the tumor steadly diminished in size, and examina- 
tion in the early part of July, 1925,' showed him in excellent local and general 
condition. He has gained 17 pounds (7.7 Kg.) in weight, and is able to walk 
about with an apparently normal leg. The improvement in his local condition was 
further confirmed by recent roentgenograms. The patient was still well when 
examined in July, 1926. 

Cash 36. — P eriosteal round cell sarcoma of clavicle; total excision followed by 
toxin treatment; patient well fifteen and one-half years later; probably endo- 
thelioma. 

J. V., a boy, aged 16 years, with a negative family history, in the beginning 
of October, 1909, while going down stairs, tripped and in trying to save himself 
caught hold of the banister with his left hand, bringing himself to a sudden stop 
with a severe jerk. This caused a good deal of strain on the left shoulder and 
clavicle. Shortly after this he was riding a motorcycle, which broke down; he 
was obliged to tow it for a distance of ten miles, using his left hand almost 
entirely to do the towing. In the end of October, he first felt pain and soreness 
in the region of the left clavicle, and one week later a swelling was noticed at this 
site. November 20, he consulted Dr. Alfred Potter of Brooklyn, who found a 
fusiform enlargement of two thirds of the inner portion of the shaft of the left 
clavicle. Roentgenograms were taken which showed a typical periosteal sarcoma; 
the outline of the periosteum was nearly lost. 

The patient was referred to us, and from the clinical and roentgen-ray evi- 
dence, we made a positive diagnosis of periosteal sarcoma, and urged an imme- 
diate removal. At this time the tumor was about the size of an English walnut, 
there were no enlarged glands, little pain, and he was in excellent general condi- 
tion. November 22, with the assistance of Dr. William A. Downes, we per- 
formed a total excision of the clavicle as follows : An incision was made over the 
outer surface of the clavicle over its entire length. After we had separated the 
periosteum and the bone, a Gigli’s wire saw was passed beneath the clavicle 1J4 
inches (3.7 cm.) from the outer extremity, well beyond the tumor. The inner 
and larger portion was then lifted up and dissected from the subclavian muscle 
and separated from its attachments until the sternocostal articulation was reached; 
disarticulation was then accomplished with little difficulty and no hemorrhage. 
The outer portion of the clavicle was removed with a Rongeur forceps. The 
microscopic diagnosis of Dr. James Ewing was periosteal round cell sarcoma 
(myeloma). 

The patient made an uninterrupted recovery, the wound healing by primary 
union. Before his discharge from the hospital on the tenth postoperative day, the 
mixed toxins were begun; these were later given at home for a period of three 
months by his family ph 3 'sician. Almost no deformity resulted from the opera- 
tion and the patient retained complete functional use of his arm. He served in the 
armj’ in France during the war. At the present time, fifteen and one-half years 
later, he is in excellent condition \rith no evidence of a recurrence. We believe 
this case to have been one of endothelial m 3 'eloma. There were no giant cells and 
the tumor was laminated without new bone production. 



PREVENTION OF REGENERATION OF THE RIBS 

A PROBLEM IX THORACIC SURGERY 
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Since the original experiments of Duhamel, a voluminous literature 
on the regeneration of bone has accumulated. It has dealt chiefly with 
the nature of the process, the elements of normal bone from which 
the new is formed and the bearing of these questions on the problems 
encountered by the orthopedic surgeon. Because of the nature of these 
problems, interest has been centered on means of assuring regeneration 
after operation, of stimulating it after fractures, and explaining why 
it does not occur in some cases. The occasions in which its prevention 
has been desirable have been few or none. 

In thoracic surgerj-’, however, in which the bon\' ribs are encountered 
chiefly as a hindrance to e.xposure and collapse, the prevention of their 
regrowth is frequently desirable. This is the case in drainage operations 
(empyema and abscess of the lung), in operations performed in stages, 
and in cardiolysis and the operation for dilated thorax, in which a 
permanent mobilization of the wall of the chest is the end sought. 

In resection of a rib for empyema, the rapid regeneration of bone 
is the principal factor in closing the opening and in preventing efficient 
drainage. In cases of aliscess of the lung reoperations for widening 
the fistula are frequently necessary for the same reason. The chief 
advance in thoracic surgeiy in recent years, the one which has tended 
most to lower the mortality and extend the indications, is the multiple 
stage operation. Whenever this must be performed over a period of 
weeks or months, the later stages are complicated and made doubly 
difficult because the refonned ribs must be resected, either to maintain 
exposure or to assure collapse. In the Graham multiple stage cauteiy 
lobectomy the exposure is thus frequently compromised, and in the 
Esilander procedure for chronic empyema and in all of the extrapleural 
thoracojilasties employed in pulmonary tuberculosis and bronchiectasis, 
efficient collapse is frequently prevented by regeneration of the rib.^ 
resected at the early stages. In these operations the true collapse occurs 
only with the removal of the last ribs. Until then the part of the wall 
of the chest which is already mobilized hangs from the ribs like the 
curtain of a tent. and. if the bones reform in this position, the final 
collajise is coinjiromised. 
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The importance of this is evident. In previous publications." we 
have shown that the fatal absorption of toxins from an obstructed 
Ijowel occurs as a direct result of gangrene in the wall. Necrosis of 
the bowel is therefore the chief factor in making intestinal obstruction 
a des]>erate surgical emergency. Thb process must be arrested early 
or death is inevitable. 


SUMMxNKY 

Gaseous distention of the bowel alone may exert sufficient pressure 
to produce gangrene by occlusion of the circulation in the bowel wall. 

This mechanism operates mo.st completely along the antimesenteric 
surface of the intestine. The resultant gangrene i.s most a}>parent in 
that area. 

The experiment with the gas trap mechanism offers an explanation of 
the conditions leading to incarceration and strangulation of the bowel. 

6. Gatch, \V. D.; Trusler, H. M.. and .Ayres, K. D.: .Acute Intestinal OI)struc- 
tion; Mechanism and Significance of Hypocldoremia and Other Changes in 
Blood Chemistry, Am. J, Med. Sc., to he puhlishcd, ' 
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The operation of cardiolysis and that for dilated thorax are fre- 
quently only temporarily successful, because the mobilization lasts only 
until the ribs have regenerated. 

Heretofore, when for any reason reformation of the ribs was not 
desired, it has been the custom to resect the periosteum with the bone. 
This accomplishes the result, but adds greatly to the risk of the operation. 
Between the posterior layer of the periosteum and the pleural cavity 
lie only the thin endothoracic fascia and the parietal pleura. To remove 
the periosteum without breaking through these and opening the pleural 
cavity is difficult. If this is done, the postoperative course is complicated 
by a pneumothorax and, if the wound becomes, infected, frequently by 
an empyema. 

It seemed probable that regeneration of the ribs could be prevented 
by destroying chemically the inner, and supposedly the bone- forming, 
layer of the periosteum. In this article it would be beside the point 
to discuss the difficult and still unsettled problem of the manner in 
which the bone reforms after subperiosteal resection. Opinion is divided 
between the periosteal theory of Duhamel and Ollier and the “bone- 
chip” theory of MacEwen. According to the former, the cambium 
layer of the periosteum has an osteogenetic function. MacEwen, on 
the other hafid, believes that the periosteum is merely a limiting mem- 
brane and that, after supposedly subperiosteal resection, bone reforms 
only because cells and chips of the cortex have been left in place. Prac- 
tically, it is important only that the bone does regenerate. 

The problem was whether or not some chemical cauterizing agent 
could be found which, on application to the inner layer of the periosteum, 
would destroy the bone-forming elements without producing deep 
necrosis and perforation of the pleura. 

To test this the following experiments were carried out. Segments 
measuring from 6 to 8 cm. were resected subperiosteally from two or 
three adjacent ribs in dogs. The lower periosteal beds and cut ends of 
bone were painted with different chemicals, the upper ones being left 
as controls. The cauterizing agents used were (1) silver nitrate stick, 
(2) 50 per cent silver nitrate solution, (3) concentrated solution of 
chromic acid and (4) Zenker’s solution. 

RESULTS WITH THE VARIOUS CAUTERIZING AGENTS 

Silver yitratc Stick . — ^The silver nitrate stick was found to produce 
too extensive a necrosis. The first dog on which it was used was found 
dying on the fifth day after the operation. The cauterization had pro- 
duced a wide perforation of the pleura, the wound had become infected 
and separated and an open pyopneumothorax was present (fig. 1). The 
same sequence of events occurred in several other cases. A dog which 
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II. STATUS OF NITROGEN BODIES OF BLOOD IN EARLY, 

MILD AND MODERATELY ADVANCED CASES OF 
BILIARY TRACT DISEASE * 

ABRAHAM O. WILENSKY. M.D. 

NEW YORK 

The liver is known to the the seat of much of the intermediary 
nitrogen metabolism in the body. During the last two decades, much 
has been written concerning the urinary nitrogen partition in hepatic 
disease. Rowntree, Marshall and Chesney emphasized the difficulty of 
interpretation in such studies and called attention to the accompanying 
changes in the blood. They found that the proportion of blood urea 
was slightly decreased in hepatic disease. More recently, Bollman, Mann 
and Magath have reported evidence jDointing to a cessation of urea 
formation in dogs after complete extirpation of the liver. In man, a 
comparable degree of hepatic insufficency is not observed, even with the 
grossest hepatic changes. In experimental animals with obstructive 
jaundice, Greene showed that there was usually a sharp and definite 
decrease in both the relative and absolute values of the blood urea. These 
low values persisted until shortly before the death of the animal, when 
a terminal rise of blood urea occurred. This probably was evidence of 
terminal renal insufficiency. 

I shall discuss the clinical side of the relationship of the nitrogen 
metabolism and blood nitrogen retention to surgical disease of the liver. 
Cases of bilitary tract disease have seemed of most promise and have 
been employed. 

For the purpose of this study cases of biliary tract disease, including 
in this general classification all cases of cholelithiasis, cholecystitis and 
cholangitis, have been classed into : group I, early and moderately early 
cases without jaundice or other complication ; group II, early and mod- 
erately early cases with jaundice; group III, early and moderately early 
case with and without jaundice and with nephritis and group IV, late 
cases of advanced biliary' tract disease with deep jaundice, clinical signs 
of cholangitis and with and without secondary change in the kidneys. 

The cases studied were not selected in any way but were studied 
seriatim as the patients were admitted and discharged from the hospital. 
In all of the studies special attention was paid to the surgical problems 
involved. 


* From the Mount Sinai Hospital. 
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had not shown ill effects was killed two weeks after operation, another 
three weeks, and still another four weeks, after operation. Autopsy at 
two weeks showed that the wound was clean, but there was a wide open- 
ing through the rib bed and the parietal pleura. At three and four 
weeks the pleura was not perforated, and the bone had not regenerated. 
It seems probable that there had been openings, but that they had closed 
by granulation. 

From these experiments it was obvious that the silver nitrate stick 
was not a suitable agent, since it caused a complete sloughing away 
of the rib bed and pleura and, when the wound became infected, an 
empyema. 



Fig. 1.-— Section of wail of the chest, showing perforation of the periosteum 
bed and parietal pleura following cauterization with a silver nitrate stick. 


Silver Nitrate 50 Per Cent . — Six dogs were operated on, and the 
lower rib bed was painted with 50 per cent silver nitrate solution. In 
one instajice the wound became infected, and the pleura was perforated. 
In none of the others was there regeneration in the painted rib bed. 

Ihe one instance of perforation of the pleura indicated that there 
ts danger in the use of this solution. 

Concentrated Solution of Chromic Acid . — Four dogs were operated 
on. and the lower rib bed Avas painted with a concentrated solution of 
chromic acid. In none of these was there evidence of perforation of the 
I> eura. Autopsies were performed on the dogs at the end of one, two, 
three and four weeks, respectively. In all the dogs, there was definite 
regeneration of bone in the control and none in the painted bed. In 




WIUiSSKY—SlTROGEX BODIES OF BLOOD 


1225 


'Die following tables list the general facts with special reference to 
the sUjfly of the blood chemistry. The tables follow the classifications 
made jircviously. 

Tai’I-k 1. — General Table of Cases of Biliary Traci Disease of Mild and Moderale 
Gradcs IVilhout Jaundice or Other Extraordinary Liver Complication, 
IVithout Demonstrable Kidney Inz'olzrmcnt and Without 
Buy Other Complication*- 
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all specimens the painted bed was freely flexible, and without effort could 
be wrinkled up so that the ends of the bone could be approximated. 
In the control beds there was definite stiffening and resistance to bending. 
This was present in the one week specimen. At four weeks there was a 
definite willowy new bone and marked resistance to bending. Both the 
three and four, week control specimens had to be decalcified before 
they were sectioned. 

Zenke/s Solution . — Six dogs were operated on, and the lower rib 
bed was painted with Zenker’s solution. Several of them were operated 
on again after a week’s interval, and the same procedure was carried 
out on the opposite side. In none of these dogs was there any perfora- 
tion of the pleura or regeneration of bone in the painted bed. Specimens 



Fig. 2. — Section of the wall of the chest, showing pleural face of two ribs, 
portions of which had been sectioned. The regeneration in the upper control bed 
is evidenced by the white callus. Its absence in the lower bed in which the 
periosteum had been painted with Zenker’s solution is proved by the lack of callus 
and the puckering of the pliable tissue. This specimen was removed four weeks 
after the resection of the ribs. 

were removed, one, two, three and four weeks after operation and the 
final one six weeks after operation. In all instances the painted rib 
beds remained easily pliable so that they could be wrinkled up and 
the cut ends of the rib could easily be approximated. The control beds 
were the same as in the chromic acid series. The accompanying photo- 
graph (fig. 2) of a specimen preserved in Kaiserling solution shows 
abundant growth of callus in the control. Absence of callus and the 
pliability of the painted bed is evidenced by the puckering incident to 
the postmortem contraction. Figure 3 shows a roentgenogram of the 
four weeks specimen. In this experiment the middle bed and the 
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ANTEOPERATIVE OBSERVATIONS 

A summary of the facts to be deduced from this table includes the 
following : 

1. For the most part the figures run within the “normal” ranges but 
figures are also found at both the upper and lower limits of the “normal.” 
As all of these blood figures are dependent on the diet of the person at 
the time of the blood examination, the figures at the opposite extremes of 
the scale must be accepted as “normals” in the absence of other data 
which might indicate any abnormality outside of the biliary tract. 

2. The relation of the blood urea to the nohprotein nitrogen of the 
blood is not of a -proportionate degree. The proportions of either are 
variable and independent of each other. The general tendency, however, 
is for the urea and nonprotein nitrogen figures to be complementary. 

3. The figures for the uric acid content of the blood show a wide 
variation. The figures do not show a proportionate relationship of the 
blood uric acid to the blood urea, blood nonprotein nitrogen or blood 
creatinine, either in any individual case or from case to case. For a 
similar reason, all of these figures must be accepted as “normal” in each 
particular case and in the group as a whole. 

4. The creatinine content of the blood shows the greatest constancy. 
The figures do not show a proportional or other relationship to the other 
blood figures and seem to indicate that their origin is in some way 
independent of the origins of the other blood constituents. They seem 
to indicate that the creatinine metabolism is not disturbed in cases of 
biliary tract disease; the small variations in the blood figures seem to 
confirm the prevalent belief that the creatinine content of the blood 
represents wear and tear of body tissues, and, except in rare instances, 
it is independent of the wide fluctuations of the food supply. 

5. The age of the patient and the blood figures taken as a whole or 
in any one of its particulars, are not related. As most of the patients 
with biliary tract disease are women, almost all of the observations 
reported in this article were made on women. 

6. The acuteness or chronicity of the pathologic lesion is not related 
to the variations found in the blood figures. This statement does not 
refer to far advanced cases of biliary tract disease. 

7. In a general way, one can conclude from these observations that 
in mild and moderate grades of biliary tract disease, without jaundice, 
without nephritis and without other complications, the urea, nonprotein 
nitrogen, uric acid and creatinine contents of the blood are within the 
normal ranges, and their variations are dependent on the dietary char- 
acteristics of the individual at the time of obser\''ation. 

Table 2 contains the cases of this series in which the patients harl 
jaundice. An attempt is made to indicate the depth of the jaundice l)y 
the figures representing the concentration of the cholesterol content of 
the blood serum and by the quantitative estimations of bilirubin content 
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upper half of the lower bed were painted. There was good regeneration 
of the upper rib and of the lower half of the lowest rib. 

The results with chromic acid were satisfactory. With the Zenker's 
solution they were equally good if not better, and, since this is much 
the weaker caustic, it seems the preferable one. It is probable that 
anything that will kill the superficial cambium layer of cells will prevent 
bone regeneration and that even weaker fixatives would be satisfactory. 
There is not, however, any contraindication to the use of Zenker’s solu- 
tion. It accomplishes the desired result, and is something which is 
always on hand or easily obtainable. 



Fig. 3. — Roentgenogram of specimen removed four weeks after resection of 
segments of three rib.s. The periosteum of the resected portion of the middle 
rib and the upper half of the periosteum of the resected portion of the lower 
rib were painted with Zenker’s solution. There is good regeneration in the 
upper control bed and in the lower half of the lowest bed. 

In the Sauerbruch extrapleural thoracoplasty as used for pulmonary 
tuberculosis and for l)ronchiecta.sis. the method is contraindicated. In 
ihe.ce conditions, in which the mediastinum is not fixed and the lung is 
not contracted, destruction of the periosteum by producing a ]>ermancnt 
mobiUzation of llte wall of the chest, would occasion parado.xic breathing 
>u the collapsed lung, and consequently cause a reduction of the already 
^crsously compromised vital capacity. 
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figures for the latter do not differ materially from those given in table 1 
and arc within the normal ranges. The relatively “normal” range c»f 
the blood fi.gnres most jirobably have important relaiitms to the com- 
paratively short duration of the jaundice, to its comptiraiive mildness 
and to the comiiensatory mechani.'Jin <»f the body. 

Ca.se.s 49 and 83 need .some explanation. Case 49 show.s figures for 
the blood nonprotein nitrogen and for the blood uric acid at the upper 
limits of the normal. The as.sociation of high uric acid figures most 
likely ijuHcate.s that the excess is derived from a similar excessive jiro- 
portion of nitrogenous food in the diet. Case 83 doc.s not have this 
association of a high uric acid content of the blood, hut neverlheles.s a 
similar explanation i.s jirobably correct for the high urea and non- 
protein nitrogen content of the blood. 


1. Wilensky, A. O., ami Rothsebibi, N. A.: .Nni. J. M. Sc. 15G:2.19 7 

1918; 156:404 (Sept.) 1918; 156:564 (Oct.) 1918. 
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In spite of the accepted relationship between distention and circula- 
tory changes in the intestine, we were unable to find in the literature any 
actual measurement of this ratio. The nearest approach is the obser- 
vation of Van Zwalenburg,^ who studied microscopically, by means 
of a light within the lumen of the intestine, the actual effects of disten- 
tion on the blood flow. He observed that at a pressure of 30 mm. of 
mercury some capillary streams were arrested ; at 60 mm., small veins 
were arrested, and in most veins the current was slow ; at 90 mm. all 
blood streams were moving slowly and many but not all, currents were 
changing direction frequently; at 130 mm. pressure, all circulation 
ceased, and there was some oscillation of corpuscles but no progress; 
some ecchymotic hemorrhages were seen with the pressure as low as 
50 mm.; pressure maintained at from 80 to 90 mm. of mercury for 
one hour caused the appearance of congestion, with the vessels engorged 
and the circulation slow. 



Fig. 1. — Curve showing the average readings of blood flow in cubic centi- 
meters per minute through the intestinal wall under varying degrees of gas 
pressure in the lumen. 

In view of the foregoing facts, we have measured the volume of 
blood flow through loops of intestine itnder different degrees of 
distention. 

METHOD OF DETERMINING BLOOD FLOW 

Dogs were used in all determinations. Under morphine and ether anesthesia 
the abdomen was opened and a loop of small intestine was withdrawn, its vein 
isolated and a cannula inserted. Both ends of the loop were then closed by 
clamp and ligature, so as to cut off anastomotic blood supply as well as to 
close the lumen of the gut. By this procedure we were provided w'ith an 
obstructed loop of bowel, with normal relationship to the arterial circulation, 
from which all the venous return could be collected and measured. Every pre- 
caution was taken to keep the tissues moist and warm. 

We first attempted to prevent blood clots in the cannula by coating the inside 
with paraffin. Measurements were made of the volume of the flow of blood per 


4. \’’an Zwalenburg, C. V.; Strangulation Resulting from Distention of 
Hollow Viscera, Ann. Surg. 46:780 (Nov.) 1907. 
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The nephritis in the cases included in table 3 was mild. The exam- 
ination of the urine showed the presence or absence of an albuminuria 
of the mildest character and the presence of a minimal number of 
hyaline or granular casts. There was never any bloody or smoky urine 
or other signs of an acute kidney process or of an acute exacerbation of 
an old process, and, except for the results of urinalysis, the presence 
of a renal lesion would not have been suspected. Such forms of nephritis 
are characterized by little if any disturbance of function and by no 
disturbance of the nitrogenous metabolism. 

The chief deduction to be drawn from this table is that such mild 
cases of nephritis occuring either as a complication or as an associated 
phenomenon in biliary tract disease do not manifest any increase of the 


Table 3. — Cases of Mild and Moderate Grades of Biliary Tract Disease With and 
Without Jaundice and Witji Nephritis but Without Other Complication 






Van den 

Urea Nonprotein Uric 

Crent- 

Choles- 

Case 

Age 

Condition 

Jaundice 

Bergh 

Nitrogen Nitrogen 

Acid 

inine 

terol 

21 

32 

Acute 

Absent 


14.0 

33.3 

3.1 

1.1 

0.176 

52 

48 

Chronic 

Absent 


15.4 

49.0 

2.0 

2.0 

0.296 

76 

61 

Chronic 

Absent 

1:400,000 

21.0 

33.0 

3.6 

1.1 

0.160 

81 

45 

Acute 

Absent 


29.4 

57.7 

3.3 

1.0 

0.142 

25 

38 

Clironic 

Present 


12.0 

32.6' 

2.5 

1.1 

0.245 

66 

26 

Acute 

Absent 


15.1 

33.0 

2:3 

1.2 

0.110 

67 

47 

Chronic 

Absent 


15.4 

30.0 

3.0 

1.1 

0.130 

75 


Cholangitis 

Absent 


21.0 

60.0 

2.2 

1.1 

0.110 


Table 4. — Cases of Biliary Tract Disease zvith Demonstrable Structural 

Liver Change 


Case Liver Change 

Nephritis 

Jaundice 

Urea Nonprotein Uric 
Nitrogen Nitrogen Acid 

Creat- 

inine 

Choles- 

terol 

4 

Infiltration 

Absent 

Absent 

12.6 

30.9 

1.3 

1.1 

0.100 

80 

Degeneration 

Present 


29.4 

.... 

5.3 

2.0 

0.142 died 

75 

Chronic cholangitis 

Present 


21.0 

60.0 

2.2 

1.1 

0.140 died 

55 

Infiltration 

Absent 

Absent 

18.2 

36.7 

7.0 

1.0 

0.112 

60 

Cirrhosis 



15.4 

31.1 

2.5 

1.0 

0.176 

85 

Necrosis 

Absent 

Present 

18.2 

33.0 

4.0 

1.1 

0.112 

SO 

Chronic cholangitis 

Absent 

Absent 

19.6 

45.5 

3.5 

1.2 

0.151 

90 

Fat infiltration 

Absent 

Present 

14.0 

35.0 

2.8 

1.3 

0.218 

91 

Chronic cholangitis 

Absent 

Present 

18.2 

3.5 

3.5 

1.2 

0.266 


urea, nonprotein nitrogen, uric acid and creatinine content of the blood. 
The figures for the latter are not different from those in the uncom- 
plicated forms of mild or moderately severe biliary tract disease. 

In these cases structural change in the liver tissue was demonstrable. 
Except for the fact that the figures show a tendency to group them- 
selves toward the upper limits of the “normal” range, not any particular 
change is noted. This is most likely due to the enormous compensatory 
capacity of the liver. The highest figures are present when the biliary 
tract disease is complicated by renal changes. The occurrence of upper 
limit level figures in cases 80 and 85 for the blood content of urea and 
uric acid possibly is suggestive of the work of Bollman, Mann and 
Magath. 
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minute, while the intestinal loop was inflated to various degrees of gas pres- 
sure through a needle connecting with a large bottle, which acted as a reservoir 
of compressed air. The' system was provided with a mercury manometer to 
indicate the pressure. Despite the coating of paraffin, some difficulty was 
encountered, due to the clotting of blood in the cannula, causing partial or 
complete obstruction to the flow. For this reason we have relied only on those 
experiments in which, after release of the pressure in the bowel, the rate of 
blood flow returned approximately to the rate before distention. This served 
also as a check on the maintenance of blood pressure. In two or three instances 
blood pressure readings were made by means of a carotid cannula and manom- 
eter, but this was not considered necessary later, for we found that the pressure 
remained fairly constant in spite of the blood necessarily lost in the experiment. 

On account of the difficulty encountered by the clotting of the blood, a cammla 
was devised with an upright side tube joining at the point of entrance of blood 
from the vein. The neck of the side tube was drawn down to a small capillary. 

Dctcnuiiiafion of Blood Flow Though Isolated Loafs of Small hilcsihu' 
Under Various Degrees of Gas Pressure 


Pressure 
in Mtn. of 
3Iercury 



Blood Flow in Cubic CcnlirncU‘r.s per Mlmili! 
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18.0 

5».() 

11.2 

1(!.0 

17.0 

50 

14 

8 

18.0 

ie.o 

10.0 

18.0 

1.7.0 

75 

12 


18.0 

10.2 

7.8 

7.6 

lO.t 

ino 

S 

4 

10.0 

7.6 

6.8 

6.0 

7.0 

123 

c 


7.5 

5.2 

4.4 

:!.6 

5.1 

ISO 

c 

4 

5.0 

4.2 

4.0 

:i.(i 

5.1 

173 



4.0 

11-1 

.7.0 

.'!.n 

!i,7 

200 

4 

2 

1“ 

t « 1 1 

’3.6 


.7.0 

175 

4 


4.0 

» r-M 

8.6 

8.7 

150 

S 

4 

4.0 

4.2 

4.0 

8.6 

4.6 

12.1 



5.0 

4.8 

4.8 

.7.6 

4.6 

im 

10 

6 

5.0 

6.0 

5.0 

1.0 

0.2 

to 

• , 

, , 

8.6 

r.o 

8.0 

6.2 

7T5 

r/f 

14 

18 

12.0 

11.6 

10.0 

10.0 

12.6 

25 

22 

, , 

18.0 

16.4 

12.0 

16.0 

17.0 

0 

2S 

22 

24.0 

19.6 

£.0 

18.0 

19.0 


Through this upright tube a constant flow of 10 per cent sodium citrate solu- 
tion was maintianed. This was found to flow at the rate of 0.5 cc. per min- 
ute. and this amount was deducted from the readings of the blood flow. The 
results of the measurements in several experiments arc tabulated, witli readincs 
as the pressure increased and again as it decreased. The graphic record 
5^ a composite carve, dcri\'ed by averaging the readings for each pressure. 


RESULTS 

It v.nli be noted that for each increase in gas pressure within the 
itimen there is a corresponding decrease in the vnhmte of blo-'i't 
T'tr n-rtnute circulating: through the wall of the bowel. Tin's propor- 
tu.r.are decrease ceases when the gas pressure exceerls tl:e aTtirnars 
‘ pressure, and there remains a constant residual flow of Mi.-'d. 
.'■'’'-ever greatly the loop is distended. \\'e iuive cb.ecked this re-v.I: 
t-r-T;;:-;d!y ar.d by close observation have dc:cnr.:ne<: th.a: th.is residual 
occurs not through ib.c b-v.vcl ur.l!. bn: by way r.f sn:.'!’ 
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2. In IS per cent of the cases the ditYerence between the preoperative 
and postoperative nrea and nonprotein nitrogen contents of the blood was 
not a]i])rectablc. 

3. In 18 per cent of the cases the postoperative nrea and nonprotein 
nitrogen content of the blood was less than the preoperative content. 

4. The urea and nonprotein nitrogen content of the blood retained 
their preoperative relative jiroportions and remained comjilemcnlarv, an 
increase in the one being accompanied by an increase in the other. 
Exceptions to this rule occurred, and in the latter cases it was nsnallv 
found that taken as a witole the figures were at about the same level. The 
complementary character of the nrea and nonprotein nitrogen was 
especially evident when the postoperative figures were much larger than 
the preoperative ones. 
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the intestine. Pressure within the lumen cannot exert influence on the 
circulation at these points. Along the antimesenteric border, however, 
the bowel is blanched entirely free from blood when the gas pressure 
equals the arterial blood pressure. 

When the pressure within the lumen is decreased, a proportionate 
increase in the rate of blood flow through the loop results. When the 
pressure is entirely released, the flow is equal to, or, because of hyper- 
emia, may even exceed, the measurement taken at the outset. After the 
delicate technic of the experiment is mastered, this procedure can be 
repeated several times on the same preparation: 

The tabulated results demonstrate that the rate of blood flow 
through the wall of the bowel is inversely proportional to the gas 
pressure within the lumen, resulting in complete anemic stasis when 
the pressure within the bowel becomes approximately - equal to the 
arterial blood pressure. 

COMMENT 

From a consideration of these observations we can easily under- 
stand that, even in the absence of mesenteric strangulation, circulatory 
stasis and necrosis may develop in the obstructed bowel from gaseous 
distention alone. The rate at which this process operates will depend 
on the nature and location of the obstruction. In cases of simple 
occlusion in which incarceration of the bowel does not occur, reverse 
peristalsis may for a time prevent overdistention. Usually, however, 
the complicated intestinal loops trap the gas in small pockets, and the 
constant gaseous formation from bacterial activity readily leads to 
pressure sufficient to occlude the blood supply in the manner described. 
It is obvious, however, that this mechanism is more rapidly fatal under 
conditions in which a section of the bowel is incarcerated. 

INCARCERATION OF THE BOWEL 

The strangulation of hernia and the various conditions under which 
the bowel may be incarcerated have always been subjects of interest to 
surgeons. Often at the operating table a portion of the intestinal tract 
is found imprisoned in a situation so odd as to occasion much con- 
jecture concerning causative factors. Frequently, the relations are of 
such complexity that it seems impossible to visualize a spontaneous 
mechanism of the bowel which could produce the incarceration. How- 
ever, in studying the behavior of gas when trapped under pressure in 
the bowel, we have observed a phenomenon which explains these acci- 
dents. As a result of the use of the mechanism of the gas trap, we 
have found that a loop of intestine may slip with ease into a pocket 
from which there is no escape, and into which additional loops are 
aspirated until strangulation occurs. 
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The deductions to be drawn from table 6 include the following : 

An increase in the uric acid content of the blood was demonstrated 
after operation in 47 per cent of the cases ; a decrease in the uric acid 
content of the blood was demonstrated after operation in 41 per cent. 
In 11 per cent the figures remained stationary after operation. Post- 
operative increases of some kind of the uric acid content of the blood 
occurred less often than increases in the urea and nonprotein nitrogen 
content of the blood. 

2. The dominant fact to be deduced from this table is that the 
occurrence of high figures for the uric acid content of the blood is part 

Table 6. — General Relations Between the Anteot>erative and Postoperative Uric 
Acid Content of the Blood and Associated Clinical Phenomena 


Anteoperatlve Estimations Postoperatire Estimations 

« , * 


Case 

Age 

Condition 

Urea Nonprotein Uric 
Nitrogen Nitrogen Acid 

Creat- 

inine 

Urea Nonprotein 
Nitrogen Nitrogen 

Uric 

Acid 

Creat- 

inine 

67 

47 

Chronic 

15.4 

30.0 

3.0 

1.1 

14.0 

34.1 

2.5 

1.0 

2S 

33 

Chronic 

14.0 

36.7 

3.0 

1.0 

.... 


... 


64 

43 

Acute 

15.4 

36.7 

3.0 

1.2 

30.8 

66.5 

3.5 

1.0 

13 

40 

Chronic 

14.0 

54.6 

3.0 

1.7 

• • • • 

. f #• 

.«» 


22 

SO 

Chronic 

14.0 

33.3 

3.1 

1.1 

.... 

.... 


i.o 

15 


Chronic 

14.0 

31.8 

3.1 

1.7 

15.4 

45.5 

2.2 

S 

2S 

Chronic 

14.0 

47.6 

3.2 

2.0 

• ••» 

• 


• •• 

41 

52 

Jaundice 

15.4 

43.4 

3.3 

1.S 

• .»• 



i.o 

SI 

45 

Acute 

29.4 

57.7 

3.3 

1.0 

29.4 

01.0 

3.0 

19 

44 

Chronic 

14.0 

I 1 “ • 

SS 

1.1 

22.4 

> ••• 

3.5 

1.3 

S6 

48 

Acute 

16.S 

.... 

3.5 • 

1.1 

19.6 

35.0 

3.5 

1.0 

23 

22 

Chronic 

14.0 

32.0 

3.5 

1.1 

14.0 

34.1 

3.0 

1.2 

6S 

35 

Chronic 

10.6 

35.0 

3.6 

1.1 

18 2 

35.0 

2.5 

1.0 

ro 

64 

Chronic 

21.0 

£5.0 

3.6 

1.1 

23.8 

. ••• 

3.0 

1.0 

73 

S3 

Chronic 

21.0 

43.2 

4.0 

2.6 

. 



• •• 

17 

25 

Acute 

12.6 

45.4 

4.1 

2.1 


• ••• 

.*• 


49 

34 

Chronic 

18.2 

62.9 

4.1 

1.2 

» • • » 

. 

3.5 

• • • 

24 

£2 

Acute 

14.0 

33.3 

6.0 

1.3 

13.2 

35.0 

1.1 

SO 

56 

Acute 

29.4 

- - * 1 

5.8 

2.0 


• 

3.0 

i!2 

27 

63 


14.0 

33.3 

2,5 

1.1 

19.6 

35.0 

21 



15.0 

34.1 

2.0 

1.0 

14.0 

40.9 

3.0 

1.3 

ss 

30 

Chronic 

1S.2 

35.2 

5?.^ 

1.0 

14.0 

34.1 

3.5 

1.1 

Cl 

25 

Chronic 

15.4 

35.8 

2.0 

1.0 

22.4 

37.6 

3.5 

1.1 

2 

41 

Acute 

12 6 

33.3 

2.5 

1.0 

29.4 

53.S 

3.5 

1.2 

iu 

52 

Acute 

19.6 

37.6 

2.5 

1.0 

25.2 

.53.4 

3.5 

1.3 

55 

2S 

Chronic 

18.2 

36,7 

2.6 

1.0 

03.0 

122.5 

0.5 

1.3 

ss 

40 

Chronic 




• -T 

65.8 

136.7 

7.5 

2.4 

S7 

24 

Chronic 

.... 

.... 

... 


54.6 

129.5 

2.4 

1.2 


of a general increase in the blood contents of the other nitrogenous 
bodies, that is, urea, nonprotein nitrogen. In this regard, clinical 
corrobation of the experimental work of Bollman, Mann and Magath 
could not be found, and association between liver destruction and high 
uric acid contents of the blood could not be clinically demonstrated. An 
important cause for this is probably the enormous compensatory capacity 
of the liver. 

3. The postoperative increase in the uric acid content of the blood 
was not always associated with a postoperative nephritis (either new 
or an exacerbation of an anteoperatii^e nephritis). In some of the cases 
in which a nephritis was present a postoperative decrease occurred 
instead, and in one case (no. 56) the figures remained stationary. 
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In this connection, retroperitoneal hernia becomes a subject for 
interesting speculation. This condition is one in which most of the 
small intestine is incarcerated in a peritoneal sac arising from the fossa 
of Treitz, or one of the other folds of the mesentery about the duodeno- 
jejunal juncture. Andrews,® in discussing this condition, has maintained 
that the so-called duodenal hernia is a congenital anomaly in the develop- 
ment of the peritoneum whereby ‘ the small intestine is imprisoned 
beneath the mesentery of the developing colon. We are in sympathy 
with the view that the origin of these conditions may be embryologic. 
We believe, however, that the phenomenon shown by the gas trap offers 
an alternative mechanism in the production of these incarcerations. 
Andrews states that differential pressures are lacking within the 
abdominal cavity, and he doubts the existence of any force able ■ to 
segregate the whole small intestine in a sac. 

As a result of our experimental observation of the gas trap, we 
cannot hold to this view. An adhesive band, a hernial ring or an 
abnonnal fold of the peritoneum may isolate a section of the intestinal 
lumen. Active peristalsis from above forces a bolus of gas into the 
pocket, and, due to its valvelike action, the gas does not escape. The 
process is repeated, and the .gas, now under increased pressure, causes 
the loop to distend, exerting a traction which aspirates more intestine 
into the pocket till the pressures are again equalized. In this way it is 
conceivable that, under the proper conditions of elasticity and relaxation, 
many loops of intestine may be drawn into a pocket which at the outset 
included only a small section of the lumen. 

It is evident that such a mechanism must explain the large internal 
hernias in which most of the small bowel slips through an artificial 
opening in the transverse mesocolon following gastro-enterostomy. It 
is not impossible that the same mechanism operates in the retroperitoneal 
hernia. 

The length to which this process of inclusion may continue depencLs 
on the mobility of the intestinal loops and the nature of the pocket 
formed. In many instances a small incarceration is strangulated at once. 
In other cases the imprisoned mass may attain great size without 
strangulation. 

The differentiation is a question of the pressure relations which 
arise. When the valvelike action is sufficient to cause venous stasis, 
the resulting congestion and swelling cause strangulation. Further 
gaseous distention by bacterial action in the strangulated loops rapidly 
produces gangrene. 

5. Andrews. E. : Duodenal Hernia — A Misnomer, Surg. Gyncc. Obst. 37: 
7-10 (Dec.) 1923. 
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A summary of the facts to be deduced from the table includes : 

1. An increase in the urea and nonprotein nitrogen content of the 
blood occurred after operation in 67 per cent of the cases studied, a 
decrease occurred in 1 per cent and 22 per cent remained the same. 

2. An increase in the uric acid content of the blood occurred after 
operation in 38 per cent of the cases, a decrease occurred in 13 per cent 
and in 50 per cent the content remained the same. 

3. The figures for the anteoperative and postoperative creatinine 
contents of the blood were practically identical. 


Table 8. — The Relationship of the Blood Examination to the Fluid Intake, Output 

and Daily Bile Drainage in- Case 89 



Fluid 

Fluid 

Bile 






Intal:e, 

Output, 

Drainage, 

Urea 

Nonprotein 

Uric 

Great- 

Day of Illness 

Cc. 

Cc. 

Cc. 

Nitrogen 

Nitrogen 

Acid 

inine 

Anteoperative 

, ..... 

• ••• • 


15.4 

33.3 

2.3 

1.2 

Postoperative 








3 


1,100 

500 

33.6 

63.3 

3.5 

1.3 

4 

. . 500 

480 

480 





5 

1,000 

1,000 

420 





6 

1,000 

330 

190 





7 

1,000 

390 

300 





8 

. . 1,500 

640 

330 

19.6 

49.0 

2.5 

1.0 

9 

1,000 

510 

360 





10 

500 

500 

240 





11 

.. 1,800 

500 

330 





12 

1,200 

510 

630 





13 

1,200 

1,100 

830 

15.4 

40.0 

2.0 

1.1 

14 

1,200 

1,020 

600 





15 

, . 1,750 

1,140 

? 





16 

1,000 

1,100 

• •• 

14.0 


2.5 

1.0 

17 

1,200 

1,050 






18 

1,400 

1,050 






19 

. . 1,600 

1,000 






20 

2,100 

1,500 






21 

1,200 

1,000 

• ♦ • 

14.0 

33.3 

2.5 

1,0 

09 . 

1,400 

1,200 






23 

1,400 

1,100 






24 

.. 400 

1,000 


12.6 

29.3 

2.5 

1.2 

25 

800 

i,er 






26 

1,000 

1,000 






27 

700 

900 






28 

1,500 

950 


12.6 

32.6 

2.5 

1.1 

29 

1,400 

975 






30 

. . 1,500 

1,000 






31 

. . 1,500 

f 






32 

1,500 

1,100 






33 

1,300 

? . 







4. The general proportional relationships of these quantitative 
changes repeats the deductions made from table 6. 

Case 89 shows the relationship of the blood examinations to the daily 
total fluid intake and output and to the daily bile drainage. 

Case 89. — This was an uncomplicated case of chronic cholecystitis with 
cholelithiasis, for which a cholecystectomy was done with the introduction of 
bile drainage. Jaundice and the evidences of a nephritis were absent both 
before and after operation. The results of the laboratory examinations are given 
in table 8. 

Case 89 is a good illustration of the fact that increases in the blood 
figures which occur after operation need not be dependent on a diminu- 
tion of the fluid intake and need not be related to the total fluid intake 
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Case 37. — Periosteal sarcoma, small, round cell, of left clavicle; total excision 
followed by toxin treatment; patient zvcll seventeen years later. 

J. W. H., a man, aged 34, gave as his family history that his father, died of 
cancer of the stomach ; there was no tuberculosis in the family. In January, 1908, 
the patient was struck on the left clavicle and almost knocked down by a plank; 
shortly after a local swelling appeared and grew rapidly; this was accompanied 



Fig. 60 (case 141 in table 7). — Periosteal sarcoma of upper end of humerus. 

by mild pain. March 23, he consulted Dr. W. L. Hunt of Bangor, Maine, who made 
a diagnosis of sarcoma; this was confirmed by Dr. S. W. Johnston of Belfast, 
Maine, who then referred the patient to Dr. Maurice H. Richardson of Boston. 
The latter did a total excision. May 18 ; the tumor occupied the middle and inner 
third, and the operation was most difRcult. A microscopic examination was made 
by Dr. W. F. Whitney of the Massachusetts General Hospital, who pronounced 
it a small, round cell sarcoma. The patient was then referred to us for prophy- 
lactic toxin treatment. At this time there was considerable infiltration in the 
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whole lower cervical region, suggesting either a recurrence or incomplete removal ; 
this gradually cleared up under the toxins and entirely disappeared at the end of 
two months. The injections were resumed at home and carried out under my 
direction by the family physician, Dr. H. L. Trulock of Dismount, Maine. 
Dr. Richardson believed the prognosis so grave from operation alone that he 
stated that if this man made a permanent recovery entire credit was to be given to 
the toxin treatment. We examined the patient in February, 1909, and found him 
in excellent health, having gained 26 pounds (11.8 Kg.) in weight. He has 
remained well up to the present time, seventeen years later. This case would 
probably now be classed as endothelioma by Ewing. 

Case 38.®® — Periosteal round cell sarcoma of lower third of femur. Recovery 
under toxins alone; limb saved; patient well seventeen years. 

A man, aged 58, had a negative family history. An exploratory operation was 
performed by Dr. G. M; Williamson, March 6, 1909, for a rapidly growing tumor 
of about two months’ duration. The microscopic diagnosis report of Dr, Ruediger, 
the director of the state university, was round cell sarcoma. An immediate ampu- 
tation was advised by several surgeons. 

March 18, the patient was referred to Dr. William J. Mayo, who confirmed 
the diagnosis and refused to amputate, believing the condition to be inoperable. 
In writing to Dr. Williamson, the Drs. Mayo stated: “There is a question in our 
minds that we could accomplish anything by amputation.” On Dr. Mayo’s recom- 
mendation, the patient was put on a course of the mixed toxins of erysipelas and 
Bacillus prodigiosus. The injections were given by Dr. Williamson under our direc- 
tion; they were continued for about four months, the dose being increased to the 
point of producing a marked reaction. The patient made a complete recovery ; he is 
in excellent health, with a useful limb, over sixteen years later. 

We have been unable to obtain a section of the original tumor, and the slide 
of the state laboratory was lost. On writing to the Mayo Clinic for further data 
on the case, the following report was received by Dr. Henry W. Meyerding, 
March 6, 1925: "The radiologist here reported some roughening of periosteum; 
the shaft of the bone appeared normal, and there was a shadow of soft tissue 
which might possibly be sarcoma. Dr. E. H. Beckman operated, March 22, 1909. 
He described -his operation as a curettage of necrotic tissue and removal of a 
scale of bone. The specimen sent to the laboratory was reported ‘inflammatory — 
possibly lues* by Dr. W, C. McCarty. This diagnosis has recently been confirmed 
by Dr, Broders.” 

As the curettings of an unhealed sinus from an exploratory operation are not 
infrequently negative, we believe that the clinical and roentgen-ray diagnosis 
supplemented by the positive microscopic diagnosis of the state laboratory, leaves 
little question of the correctness of the original diagnosis of periosteal round 
cell sarcoma. This was probably a case belonging to Ewing’s endothelial 
myeloma group. There was no question in the minds of the Mayos that it was 
sarcoma. 

Case Z9.— Sarcoma of humerus; to.rm treatment; apparent disappearance fol- 
lowed by recurrence; amputation- follozocd by toxins; recurrence; incomplete 
removal of grozoth, followed by further toxin treatment; patient well ten years 
and then died of lung metastascs. 

F. L., a man, aged 35, with a negative family history, was referred to us by 
Dr. J. 2kl. T. Finney of Baltimore, in June, 1910. At this time he had the 

23. This patient was treated by Dr. G. M. Williamson of Grand Forks, N. D., 
under our direction; a full report was published in Tr. North Dakota S. AI- A., 
1910. 




McDonald— SARCOMA of omentum 


1249 


with the return circulation, causing ascites or edema of the lower 
extremities. Clinically, the tumor is superficial. It may be continuous 
with liver dulness ; it is movable laterally, but is fixed above, and may 
suggest fluctuation. There is only slight pain or functional disturbance 
until the tumor has reached considerable size. Camus reports two 
cases of his own which apparently belong in this category, and he refers 
to three others in the literature, those of Eve and Meridith ^ and that 
of Braun.® Two of these patients died within a year with recurrence. 

Another Paris thesis in the same year (Lavocat “) is devoted to a 
clinical study of malignant tumors of the great omentum. Lavocat, 
however, does not make a distinction between the malignant growths 
which may reasonably be considered as primary in the omentum and 
those which simply represent secondary involvement from cancer of 
other structures. While the clinical study is exhaustive and interesting, 
the cases reported cannot be accepted in the consideration of primary 
sarcomas of the omentum. 

The most satisfactory study of primary malignant tumors of the 
great omentum is that of von Stopelmohr." He refers to two extensive 
collections, those of Monnier (Pnitz and Monnier ®) and Losinski “ 
The latter’s article was not available. Monnier has included some cases 
which I do not consider as primary sarcomas and has missed some 
which von Stopelmohr has accepted in his list. In discussing the 
anatomic relations and development of the omentum, von Stopelmohr 
would exclude: (1) growths which occur in the gastrohepatic and 
gastrocolic omentum, since they may arise from the liver, stomach or 
retroperitoneal structures, and since the tissue differs considerably from 
that of the great omentum ; (2) growths which arise in the lesser peri- 
toneum or bursa omentalis, since, according to Lexer, this is a favorite 
site for fetal inclusions and teratoid mixed tumors of the abdominal 
cavity, and (3) tumors which are directly adherent to the stomach or 
colon, which involve the walls of these organs or which necessitate 
resection of the bowel or stomach. Therefore it is difficult or impossi- 
• ble to classify accurately some of the cases which are well advanced 
when • discovered. 

Von Stopelmohr quotes Monnier concerning primary new growths 
of the omentum. He classifies as cystic tumors, lymphatic and traumatic 
tumors, echinococcus, cysts and dermoids ; and as solid tumors, lipoma, 
fibroma, sarcoma and myxoma. Von Stopelmohr accepts Monnier’s 
classification for the benign tumors, and adds to the malignant growths 
the rhabdomyoblastoma and hypernephroma. He discusses the proper 
classification of the endotheliomas, quoting Borst and Aschoff, who 
consider all types of endothelioma, hemangioma and l)'mphangioma as 
Sarcomas are not encapsulated, being covered only by a thin cellular layer 
(peritoneum). They grow rapidly, displace viscera, and may interfere 
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and output. In this case, increases in the blood figures occurred after 
operation when the 'fluid intake and output were at normal levels. 
During the second week after operation, the fluid intake and output 
were curtailed materially as compared with the preceding and subse- 
quent intake and output, but during this time the figures for the urea, 
nonprotein nitrogen and uric acid contents of the blood receded to the 
preoperative levels. 

This observation seems to corroborate the statement previously made 
that these metabolic disturbances are most probably related to the liver 
mechanism. 

A summary of the facts to be deduced from table 9 includes the 
following : 

1. An increase in the urea and nonprotein nitrogen content of the 
blood occurred after operation in 86 per cent of the cases, while in 
14 per cent there was a decrease. 

2. An increase in the uric acid content of the blood occurred after' 
operation in 66 per cent of the cases, and in the remainder the figures 
remained stationary. 

3. The creatinine content of the blood was not changed after 
operation. 

In the cases in which jaundice appeared as a new phenomenon after 
operation, the postoperative increases are slight. In these cases the post- 
operative examinations of the blood were made almost simultaneously with 
the appearance of the jaundice, which probably accounts for the smaller 
increases after operation. It seems fair to assume from this difference 
that jaundice must be present for a sufficiently long period, possibly a 
number of days, before it can cause its maximum effects in aiding the 
blood retention. 

Cases 30 and 28 give the detailed laboratory notes of two cases in 
which jaundice developed after operation. The jaundice in case 30 was 
mild. 

Case 30. — In the presence of an acute suppurative cholecystitis with choleli- 
thiasis without jaundice, nephritis or other complication in a patient 44 years 
old, the following laboratory data were obtained before operation and after 
a cholecystectomj* had been done. The process seemed limited to the gall- 
bladder. Temporary jaundice developed after operation, but nephritis and other 
complications did not follow. The results of the laboratory examinations are 
given in table 11. 

Case 28. — A cholecystectomy was performed for a chronic cholecystitis and 
cholelithiasis without any complicating factor; prior to operation nephritis 
and jaundice were not present. The postoperative course was disturbed by an 
obstructive jaundice. There was never any drainage of bile from the operative 
wound. The jaundice finally disappeared, and the patient left the hospital well. 
The results of the laboratory examinations are given in table 12. 
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differentiation is impossible. The term “pseudo-omental tumors” is 
applied to those which are found in the omentum, but which originate 
in the stomach or colon. He excludes eighteen cases which have been 
reported in the literature as properly not to be considered as primary 
tumors of the omentum. He also rules out others concerning which 
the reports are incomplete. I was particularly interested in one case 
which he excluded (McFarland’s since I had also followed up the 
record. A personal communication from Dr. McFarland makes it 
clear that he considers this a carcinoma, and the gross description shows 
that the omental involvement was undoubtedly secondary. 

In the Swedish literature, von Stopelmohr was able to find only one 
authentic case in addition to his own. He has compiled all the reports 
he could find in the literature of Europe, North and South America 
and South Africa. He accepts forty-eight cases in addition to his 
own, which he classes as primary sarcoma of the omentum. It is 
apparent that the original reports have been studied in the consideration 
of each case, and that much discrimination was used in accepting the 
ones which come in this category. I had previously reviewed the original 
reports concerning six of the American cases which von Stopelmohr 
includes in his list: Matas,^- Cobb (two cases), Hasbrouck,^^ 
jMcLean and Karsner.^” Hasbrouck’s specimen has been studied in 
Bloodgood’s laboratory, and was there considered as a benign lympho- 
genous cyst. It probably should not be considered as a sarcoma. Matas’ 
case seems to be definite, the tumor being found at the first operation 
as a localized mass with a few secondary deposits, which were removed. 
There was recurrence with myxomatous masses, together with a 
myxomatous ascites. The patient died, and autopsy was performed. 
This gives a complete picture of a primary growth and recurrence of 
myxosarcoma. Cobb’s first case conformed to the description of a 
primary malignant growth of the omentum, and the diagnosis was 
confirmed at autopsy. Cobb remarks that of fourteen cases of malig- 
nant disease of the omentum recorded at the Massachusetts General 
Hospital, there are only tAvo cases of primary sarcoma. McLean’s 
case was one of a localized tumor which weighed 10 pounds (4.5'Kg.), 
lying in the great omentum. It was classified as a myxosarcoma with 
small round cells. The patient was known to be alive three years after 
the operation. Karsner’s report refers to an autopsy specimen, and 
undoubtedl)’^ belongs in this category. 

Von Stopelmohr notes that in four cases the microscopic diagnosis 
was not accurate. Analyzing the occurrence of the disease with respect 
to age, he finds that of three patients between the ages of 5 and 19, 
all died: of fourteen between 20 and 34, ten died; of fifteen between 
35 and 49. ten died, and in one case the outcome was unknown; of 
twelve between 50 and 64, eight died, and in one case the outcome Avas 



WILENSKY—NITROGEX BODIES OF BLOOD 
Table ll.—RcsiiUs of Laboratory Examination in Case 30 


1233 


May 20 

.\ntcopcrative 

Urine 

Bile 

0 

Stool 

Bile 

May 21 Operation 
Postoperative 

May 24 Jaundice 


Trace 

May 25 

Jaundice. 



May 30 

Jaundice subsiding. 




Tan den Urea Xonprotdn Uric Crcat- 
Bergh Nitrogen Nitrogen Acid inine 
14.0 33.0 2.5 1.0 


1 . 20.000 .... .... ... ... 

inooiooo i^2 ss2 i.5 i.i 


Table 12.— Results of Laboratory Examination in Case 2S 


Jann- Urine Stool Tan den Urea Nonprotcin Uric Great- 
dice Bile Bile Bergh Nitrogen Nitrogen .\cid inine 

Antcoperative. 0 0 -r-r-f-f W.O 36.7 3.0 1.0 

May 20, operation, cholecystectomy without bile drainage 


Postoperative 
June 2 




1:30,000 
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June 7 
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• ••• 


iis 
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June 10 

■f + + 

■ i -+++ 
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. ... 

• •• 
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l:<!0,000 

11.2 

.... 

3.3 

1.1 

June 24 

0 
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Table 13. — Results of Laboratory Examination in Case 86 


Non- 



Fluid 

Fluid 

Urea 

protein 


Intake, Output, 

Nitro- 

Nitro- 

Uric 


Cc. 

Cc. 

gen 

gen 

Acid 

Antcoperative 

Postoperative 



22,4 

51.2 

3,9 

Peb. It) 

.... - 

900 

■ --T 

■ -t 


20 


1,0.10 

- ... 




21 

1,^ 

720 

19.6 

45.0 

3.5 

fh'f 

1,440 

840 


- **• 


23 

1,440 

1,350 

I ■ - 
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24 
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1,020 



• 11 


23 

SlO 

SIO 

^ ^ 



26 
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SCO 




27 
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•2S 
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. . 



29 
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21.0 

43.3 

2.0 

March 1 
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4> 
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22.4 

40.9 

3.0 
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1,980 
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4 
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... 



6 
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.. 



8 
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1,140 




0 
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810 




10 

2.040 
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11 
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620 




12 
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IS 
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540-fc 1C.S 

CG.7 

si 

14 

2.240 

810 

• ••• 
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-f-f 

+ 

0 

0 









, , 



0 

1.2 

1:120.000 

~r 




«•« 


, , 




... 



0 





• • 




... 


.. 






.. 












, , 




1.1 






ili 


• • 






• . 




— 


. . 






. . 




• •• 


. 




... 








• - 






.. 




... 






••• 


« 




i!2 

1:400, «io 

0 

0 

X 




• « 







McDONALD—SARCOMA OF OMENTUM 


1251 


unknown ; of two whose ages were not given, one died. With respect 
to sex, he finds: nineteen cases occurred in men, of whom fourteen 
died, four survived, and in one case the result was not given. Twenty- 
seven cases occurred in women of whom nineteen died, seven survived, 
and in one case the result was not given. Von Stopelmohr gives the 
histology of these cases in the following table. 

Cystic tumors were described frequently, particularly among the 
circumscribed, and to a lesser extent among the diffuse, tumors; seven 
instances were noted in the spindle cell group, one each in the circum- 
scribed and diffuse myxosarcomas, three circumscribed and one diffuse 
in the round cell group, two in the circumscribed angiosarcomas and 
one each in the mixed cell and Ij-mphosarcomas. The weight of the 
tumors varied from 500 Gm. to 5,000 Gm. Ascites was present in 
twenty cases, and was noted as being bloody in eight, especially in the 

Form and Histology of Tumors 


Circumscribed D i use 

- _ _ JL_ _ _ 

r - r 1 

Histology ■ Dead Living Unknown Dead Living Unknown Total 


Spindle cell sarcoma 4 3 1 1 0 0 9 

Myxosarcoma 2 0 2 3 1 0 S 

Hound cell sarcoma 3 2 0 2 0 0 7 

Angiosarcoma 1 1 0 3 0 0 7 

Fibrosarcoma ,3 3 0 0 0 0 6 

Mixed cell sarcoma 0 1 0 3 0 0 4 

Lymphosarcoma 2 0 0 1 0 0 3 

Not given 0 0 1 3 0 0 4 

Totals 15 10 4 18 I 0 48 


vascular tumors, in the presence of torsion of the pedicle, or when 
repeated tapping had been necessary, eleven cases are classified as cured 
without recurrence or metastasis. 

Some of von Stopelmohr.’s conclusions are interesting and pertinent. 
His review includes forty-eight cases of primary malignant tumors of 
the omentum, including the gastrocolic portion. Angiosarcoma usually 
occurs in people over 50 years of age, is most often diffuse, and is more 
frequent in women. Sarcomas may be circumscribed or diffuse. The 
fibrosarcoma is most favorable for treatment, as is the spindle cell sar- 
coma, when it is circumscribed. In seven cases, the sarcoma was in the 
gastrocolic omentum, in four it was pedunculated, and in three it was 
found in a hernial sac. These tumors are vascular, with a tendency to 
cystic change through necrosis. Circumscribed tumors may reach great 
size. The fibrosarcoma is usually the smallest. Ascites is present in 
about 50 per cent of the cases, most often with angiosarcoma, least often 
with fibrosarcoma. It often becomes blood-tinged. Metastases are 
most frequent with diffuse growths, especially angiosarcoma, least often 
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'onary signs present themselves earl}^, it is not necessary to infer 
• oiration is the cause. It is conceivable that emboli can reach the 
ntiie operative field as early as the first postoperative day. 

■ ms drawn from the foregoing comment lead us to believe 
tive lung abscess is in the majority of instances the result 
Could this be proved by experimental investigations, a 
evidence would appear in favor of the embolic source 
•ative pulmonarj'- complications. Such a simplification 
all postoperative pulmonary complications would be 
•nai.. : 


II. PREVIOUS ATTEMPTS AT EXPERIMENTAL 
PRODUCTION 

A review of the many varied articles on lung abscess does not 
disclose a single discourse in whicli the experimental production of the 
condition forms the basis for the treatise. Occasional reference, how- 
ever, reveals that certain procedures have been employed with expecta- 
tions of a reduplicative lesion, but in all instances the various measures 
used have been futile. A consideration of the pathogenesis of lung 
abscess exposes two possible means by which bacteria can be made to 
reach the desired focus: (1) through the air passages by allowing septic 
material to be aspirated or by direct transtracheal implantation, and 
(2) through the blood stream by placing infected material into the 
venous circulation. The activities of the previous investigators have 
been entirely centered on the first method of approach, and no attention 
has been given to the second route of invasion. Aschner ^ was unable to 
produce the lesion in dogs by means of intratracheal insufflation of 
pieces of tonsil and adenoid, pus from clinical cases and cultures of 
anaerobes. 

Lambert and Miller were likewise unsuccessful. The uniform 
presence of anaerobic bacteria in their lung abscess cases led them to 
believe that such organisms played an important bacteriologic role, but 
when these anaerobes were injected intratracheally into monkeys no 
lesions developed. Further evidence of the difficulties encountered in 
]>roducing lung suijpuration is demonstrated in a recent article bv 
Scarff.'’® Various bacterial cultures were injected directly into the hmg 
through the chest wall or by opening the chest. Preliminary injections 
of boiling water and the occlusion of the bronchus with foreign bodies 
were also carried out as supplementary measures. Failure to produce 
lung suppuration in any one of the fifty dogs was the result. Although 
the work of Kline does not concent experimental lung abscess, it is 

W. ScarU, J. E.: Ptihnnn.nry Blwtl Prc.-stircs: .An L.\p<;rimcnt:i! SU'.'i>. 

5iirp. 12:591 (I'tb.) 102A 

*^1. Kline. I>. S. : E^•peri^lcnt.^I Ganert-nc, J. Infect. Di>. 32:4.‘5! fjinici 
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with fibrosarcoma ; in seven . cases tliey were found outside of the 
abdomen. Fifty per cent of the cases showed adhesions. Omental 
tumors show a symptom-free period of from five months to two and 
a half years; then fatigue, loss of weight, abdominal pain, gastric dis- 
turbance and fulness of the abdomen appear as symptoms of a tumor. 
Pain is often caused bj’- adhesions to other organs. In some cases one 
can palpate a tumor superficially in the region of the umbilicus. 
Occasionally it is low, and then it is difficult to distinguish from a pelvic 
mass. Eleven patients were apparently cured, that is, the tumors did 
not recur for more than one year in four cases and for eight years 
in one case. Patients with round cell sarcomas, fibrosarcomas and 
spindle cell tumors, if circumscribed or pedunculated, apparently may 
be cured. Ascites is not of prognostic significance unless it is bloody; 
then it is an unfavorable symptom. 

Von Stopelmohr’s article has been reviewed in considerable detail, 
because it is an excellent and comprehensive study of the entire subject, 
and is relatively inaccessible to American readers. 

There are several types of tumors which are frequently mistaken 
for sarcoma, and some of them have been reported as such. They 
comprise inflammatory tumors, results of torsion and disturbed circula- 
tion, hemorrhagic infarctions, lymphogenous cysts, endotheliomas and 
lipomas. Inflammatory masses in the omentum are well discussed by 
Hertzler^^ as “epilpoitis plastica.” They consist of fibrinoid and 
cellular infiltrations analogous to certain types of woody phlegmon, and_^ 
are on the borderline between a reactive process and malignancy. Some 
instances are reported following operations for hernia, excision of por- 
tions of the omentum, torsion of the omentum without gangrene and 
certain inflammatory lesions in the abdomen. Pathologically, they are 
usually diffuse masses, rather hard, sometimes friable, with a relatively 
poor blood supply, and sometimes contain hemorrhagic areas. In rare 
cases there is necrosis with adhesions to adjacent structures. At opera- 
tion such masses are sometimes mistaken for malignant growths, and 
are left as being inoperable. Microscopically, there is cell infiltration 
consisting of leukocytes in cases in the early stages, and of large round 
cells with fibrinous material in cases of long standing. Well preserved 
blood cells are often found. There may be spindle cells simulating young 
connective tissue. As Bloodgood - states : “Inflammatory reactions in 
fat such as omentum are extremely difficult to distinguish from sarcoma. 

In his series, which consisted of seventeen specimens of omental tumors 
up to 1920, seven were classed as omental cysts and ten as chronic inflam- 
matory tumors. 

I have notes furnished by Dr. Donald Miner of Jersey City con- 
cerning a case of omental tumor. A man, aged 42, had an operation 
following an acute attack of abdominal pain, with tenderness and vomit- 
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of some significance in that gangrenous pulmonary lesions were d'' 
oped by the intratracheal injections into rabbits of spirochetes, fu" 
bacilli and other organisms obtained from the fluid of a gangre"- 

Most investigators contend that lung abscess cannot be-"-' ' 
animals by intrabronchial . manipulations, and deductions'- ' 
meager experimental reports convince us that this is trr 
experiments carried out in this laboratory the same re 
experienced. 

III. PRESENTATION OF EXPERIMENTALi',,, 

AT PRODUCTION 

The following experimental studies are based on the two majc 
theories pertaining to the formation of postoperative lung abscess. Tl: 
material has therefore been classified according to the method used i 
introducing the infection: (1) by way of the bronchi, and (2) by wa 
of the blood stream. Dogs were used in all the experiments. 

INTRABRONCHIAL INJECTION SERIES 

Technic . — ^In a series of fifteen experiments, the bronchoscope was 
introduced in animals under ether anesthesia following the administra- 
tion of morphine, one-sixth or one-fourth grain (0.01 or 0.016 
Gm.). Various materials, such as freshly obtained bits of human tonsil 
and adenoid tissue, infected meat and peanut kernels, were then placed 
by means of a long grasping forceps into the larger and smaller bronchi 
leading to a single lobe of the lung. At the site of implantation the 
mucous lining of the bronchus was usually scarified in order that infec- 
tion might more easily occur. In some animals the lumen of a small 
bronchus was literally packed with tonsil tissue. In one experiment a 
small jagged tooth, removed from the animal’s jaw, was placed into a 
lower lobe bronchus. A small chicken feather and a small metallic 
figure four were likewise used in two other dogs respectively. A mixture 
of gum tragacanth and cultures of Bacillus coli and Staphylococcus 
aureus were also employed. One end of a small, long rubber tube was 
filled with the mixture; the tube was then introduced through the 
bronchoscope into a small bronchus and the contents forced into the 
smaller bronchi with an air pump. In another experiment human tonsil 
tissue clamped with lead filings was placed into a small bronchus. The 
animals were carefully watched for the development of a lesion by subse- 
quent bronchoscopic examination and with the aid of roentgenograms. 

Results . — ^The results obtained from this study (table 2) confirm the 
work of previous investigators in tliat we were unable to produce a single 
lung abscess. The materials introduced were usually coughed up during 
the first few days, although in one instance, namely, the experiment in 
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ing. The condition was' diagnosed as appendicitis. A mass measuring 
6 by 2 by 1 inches (15.24 by 5 by 2.5 cm.) was resected from the great 
omentum, there being a definite line of demarcation. The pathologist’s 
report was hemorrhagic inflammation, though Dr. Miner says that he 
thought it was an infarct. Such masses are not uncommon. Some of 
them result from torsion of the omentum and may become hard and 
fibrous, resembling small fibromas. They may be pedunculated, and 
may even lose their original connection with the omentum and lie free 
in the peritoneum or in hernial sacs. Histologically some of these 
tumors are made up of spindle cells and round cells. Some of them 
have undoubtedly been reported as cases of sarcoma, with recovery. 
Associated with this type of tumor are the hemorrhagic tumors and 
cysts. These have been thoroughly discussed in some of the French 
theses, notably, by Bichon,^® Reynier,-® and Brunet.®^ Bichon presents 
a good historical review of the subject, with a discussion of the anatomy 
of the omentum. He notes that between 1885 and 1896, only two cases 
of omental tumor were reported in Paris, one being a lipoma and the 
other a hydatid cyst. He reports a personal observation of a hemor- 
rhagic cyst of the gastrocolic omentum, and also two autopsy obser- 
vations ; a case reported by Simon in 1858, of a large hemorrhagic cyst 
of the great omentum and another by Piecaud in 1877, of a similar cyst 
of the gastrocolic omentum. Rejmier reports three observations of 
such hemorrhagic masses in the great omentum, and discusses the micro- 
scopic patholog 3 ^ The tumors in his cases showed small lobules of 
fat, which was more or less absorbed and surrounded with infiltration of 
embryonic tissue, with dilatation of vessels and ecchymosis. He recog- 
nized two causal factors: inflammation in adjacent organs, and hemor- 
rhage and infiltration secondary’ to torsion of the omentum with rupture 
of the vessels. Brunet discusses these changes in considerable detail, 
and presents an excellent review of the entire subject, together with 
a summary' of the chronic inflammatory' changes. Inflammatory tumors 
of the omentum are also discussed by' Braun,® who considers as etiologic 
factors : previous laparotomy’, espedally cases in which a portion of the 
omentum has been resected, strangulated hernia and local inflammatory 
processes. He reports a case iri which an omentocele had been resected. 
The retained^ stump became swollen and retracted in the region of the 
spleen. The clinical diagnosis was that of malignant disease of the 
intestine, the mass was partially resected and thought to be spindle 
cell sarcoma, but at autopsy’ it proved to be simply' an inflammatory' 
mass. Numerous instances of changes due to torsion of the omentum 
caused by' adhesions, fixation in hernial openings, and other conditions, 
are recorded by Richardson,^ Comer and Pinches.®® Baldwin,®^ 
Scudder,"" and Eitel."’ Payr obtained torsion of the omentum by' the 
production of multilocular gas cysts by means of the injection of metallic 
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which the tooth was used, fourteen days elapsed before expulsion 
occurred. Three animals succumbed from empyema due to accidental 
perforation of a bronchus at the time of the initial bronchoscopy. The 
other animals remained well, and no lesions developed in the region of 
the implanted foreign body. 

f ' »! 

Table 2. — Intrabronchial Injection Scries 


•, Description of Injection 


Experi- , ■ 

• ment MiHcrial Location 

( 

1 V ^ Infeetcrt meat Bight lower lobe 

bronchus 

2 (re) Human tonsil Bight lower lobe 

' bronchus 

S (Y 21 Human tonsil Bight lower lobe 

bronchus 

4 (Y 2) Human tonsil Bight upper lobe 

bronchus 

5 "(Y: 2) - Bits of human tonsil Bight lower lobe 

^ bronchus 

C (Y 3) Two peanut kernels Bight upper lobe 

• _ bronchus 

t’(Y 4) Human tonsil and adenoid Bight lower lobe 

bronchus 

S (Y 4) Human tonsil Bight lower lobe 

bronclius 

0 (Y 7) Bits of human tonsil Bight lower lobe 

bronchus 

10 (Y 7) Bits of human tonsil Bight lower lobe 

bronchus 

11 (Y 12) Mixture of gum traga- Bight lower lobe 

canth and cultures of B. bronchus 

coli and Staphylococcus 

aureus 

12 (Y 13) Mixture of gum traga- Biglit lower lobe 

canth and cultures of B. bronchus 

coli and Stapliylococcus 

aureus 

13 (Y 17) Human tonsil In gum tra- Bight lowcrsiib- 

gacanth and lead flling.s division bronchus 
Human tonsil and lead fli- Left lower sub- 
iugs division bronchus 

Cliickcn fea tiicr. Bight lower sub- 

division bronclius 

14 (Y 17) Small jagged tooth Left lower lobe 

bronchus 

^Mixture of gum traga- Biglit lower lobe 
canth and cultures of B. bronchus 

coli and Staphylococcus 
aureus 

13 (Y 17) Small mctalic figure 4 Left lower lobe 

bronchus 


Bcsultant Lesion 

Animal died from empyema on third 
day due to aecldental perforation 
of bronchus at time of instrumen- 
tation 

None; foreign body expelled 

Xonc; foreign body expelled 

None; foreign body expelled 

No local lesion; animal died from 
empyema on second day ns in 
experiment 1 

None; foreign bodies expelled 

None; foreign body expelled 

None; animal died on first posl- 
operativo day from emphyema ns 
in experiment l 

None; foreign body expelled 

None; foreign body expelled 

None 


None 

None; foreign body c.vpciled 

None; foreign body expelled 

None; foreign body expelled 

None; foreign body expelleil after 
two weeks 
None 

None; foreign body expelled 


PKOTOCOLS 

Experiment 1.— Don Yl, wcighiiiR 8 Kg., Feb. 19, 1925, was given onc-sixtii 
grain (0.01 Gni.) morpliine and grain atropine. Under ctlier anesthesia the 
bronchoscope was introduced into tlic right primar>' bronchus and then into the 
bronchus leading to the lower lobe. A long wire hook was introduced and the 
wall of the bronchus was scarified. A small bit of cooked meat, which had been 
rubbed on the floor, was then introduced with a hook forceps and pushed through 
the wall of the bronchus presumably into the lung tissue itself. 

February 21. the tlog appeared ill and the respiratory rate was increased. 
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magnesium which formed hydrogen, and also by the introduction of 
paraffin. He notes that the veins are longer ; hence, when twisted they 
become kinked and tortuous, while the arteries form a solid cord about 
which the omentum becomes twisted. This group of lesions and also 
the succeeding lymphogenous cysts and tumors undoubtedly result from 
disturbances in the omental circulation. An extensive examination of 
the textbooks on anatomy fails to disclose a satisfactory detailed account 
of the blood or lymph supply and drainage of the great omentum. 
The arterial blood supply comes principally from the -right and left 
gastro-epiploic branches of the celiac axis, which descend in the anterior 
fold of the omentum. It is not clear whether these descending branches 
are reflected at the lower border of the omentum and extend as ascend- 
ing vessels in the posterior fold; whether they develop penetrating 
branches which extend to the posterior layer of the omentum, or 
whether there are descending branches from the colica media which 
supply the posterior layer. In any case, obstruction of the vessels near 
the colic attachment will result in the infarction and fibrosis of the 
dependent portion of the omenturh. In the first event, ligation of vessels 
near the periphery will result in disturbed circulation in the posterior 
layer of the omentum with infarction, etc. Ligation and resection of 
portions of the omentum always result in circulatory disturbances of 
the entire structure, and present the possibility of more or less serious 
lesions of the type already described. Freeman discusses this subject, 
and mentions as possible consequences of omental resection: adhesions 
of the omental stump, changes in that structure, gastric or duodenal 
hemorrhage, and fecal necroses in the liver. The latter results are 
explained as due to emboli from thrombosed omental veins, since the 
venous return is through the portal circulation. 

It is well known that both layers of the omentum contain a rich 
network of lymphatic vessels, and it is assumed that these follow the 
arterial system. Disturbances in the lymph circulation occur frequently 
from torsion, ligation, resection or low-grade inflammatory reaction, 
particularly in the relatively dependent portions of the omentum. This 
results in the development of lymphogenous cysts, which may be single 
and of large size, but are more often multilocular and multiple. Marked 
development of fibrous and lymphatic tissue in addition to the cystic 
portions may make the microscopic picture confusing. Dr. J. C. Blood- 
good of Baltimore - classifies seven of his eighteen specimens in the 
category of omental cysts. Excellent discussions of these lesions in 
typical cases occurring in America are found in the reports by Outer- 
bridge,-® Kenny and Mason,®® Austin and Doud.® Some of these 
cysts may reach considerable size, with extensive tissue changes in the 
surrounding omentum. The histologic picture is often confusing, so 
it is not surprising that some of these cases have been reported as mahg- 
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February 22, the <Jog was found dead in his cage. Necropsy revealed a 
bilateral empyema. A small perforation led from the bronchus into the pleural 
cavity. The pleural infection evidently resulted from perforation .into the pleural 
cavity at the time of instrumentation. 

Experiment 2. — Dog Y2, weighing 5.7 Kg., March 5, 1925, was given one- 
sixth grain (0.01 Gm.) of morphine and ^bo grain of atropine. Under ether 
anesthesia a 9 mm. bronchoscope was introduced into the right lower lobe bronchus. 
The wall of the bronchus was scarified with a long wire hook and a section of 
human tonsil was implanted next to the injured bronchial wall. • 

March 19, the dog was submitted to bronchoscopic examination under, ether 
anestheia. The foreign body introduced two weeks previously rould not be found 
and no signs of inflammation were present. The same area on the bronchir ■. x'all 
was scarified. . 

April 2, a preliminary hypodermic injection of one-sixth grain of morphine and 
^00 grain of atropine was given followed by ether anesthesia. Bronchoscopic 
examination revealed a normal bronchus. 

Experiment 3. — ^Dog Y2, April 2, 1925, was given one-sixth grain of morphine 
and ^00 grain of atropine. Under ether anesthesia the bronchoscope AVas intro- 
duced into the right lower lobe bronchus. The bronchial wall was again scai'ified 
until bleeding occurred and a small piece of freshly obtained human tonsil con- 
taining caseous cryptic material was placed next to the injured bronchial wall. 
Cultures for the predominating organisms were taken from the tonsil. 

April 6, bronchoscopic examination revealed no evidence of inflammation. The 
foreign body could not be found. The bacteria found in the culture consisted of 
short chain streptococci, staphylococci and gram-negative bacilli. 

Experiment 4. — ^Dog. Y2, April 16, 1925, was given one-sixth grain of .mor- 
phine and Moo grain of atropine. The bronchoscope was introduced with the dog 
under ether anesthesia. The right upper bronchus was scarified until bleeding 
occurred. A large piece of human tonsil sufficient in size to occlude the bronchus 
was introduced. 

April 30, bronchoscopic examination revealed the bronchial lumen to be patent. 
There were no signs of inflammation. 

Experiment 5. — Dog Y2, April 30, 1925, was given one-sixth grain of mor- 
phine and Moo grain of atropine. Under ether anesthesia, the bronchoscope was 
introduced and finely chopped bits of human tonsil tissue were placed into the 
right lower bronchus blocking it entirely. 

May 1, the dog appeared sick and would not eat. 

Ma}"- 2, the dog was found dead in his cage. Necropsy showed a bilateral 
empyema. A small perforation led from a lower lobe bronchus into the pleural 
cavity. The pleural infection was attributed to perforation of the bronchoscope 
into the pleural cavity. 

Experiment 6. — Dog Y3, weighing 9.4 Kg., Maj' 28, 1925, was given one- 
sixth grain of morphine and Moo grain of atropine. Under ether anesthesia the 
bronchoscope was introduced into the right upper main stem bronchus and two 
pieces of peanut, constituting approximately one-half the kernel, were inserted 
into the bronchial lumen. 

June 8, bronchoscopic examination showed no inflammation. The foreign 
bodies were missing. 

June 17, the dog was killed in a fight. There was no evidence of an infectious 
process. 



1255 


McDonald— SARCOMA of omentum 

nant endotheliomas or sarcomas. At least one, that reported by 
Hasbrouck,“ is undoubtedly a lymphogenous cyst, but is classed by 
von Stopelmohr as a cured sarcoma. On the other hand, it is not 
impossible that a lymphogenous cyst may occasionally be associated with 
some type of lymphosarcoma. 

A number of new growths in the omentum have been described and 
reported as endotheliomas, and the term has given rise to some confusion. 
Ewing®® and MacCallum®^ accept a definite group of new growths 
under this classification. They recognize a distinct type of endothelial 
tissue occurring in the serous membranes, the peritoneum, the pleura 
and the meninges, and in the lymph and blood vessels. They believe that 
this tissue gives rise to a definite type of malignant new growths which 
present some of the characteristics of sarcoma and in other regions may 
resemble carcinoma. Since the omentum is richly supplied with these 
tissues, one would expect to find this type of tumor arising in that 
structure. Because of the confusing microscopic picture, some of these 
have undoubtedly been reported as primary cancer of the omentum, 
and it is not improbable that some cases of secondary cancer without 
a demonstrable primary source have been reported as endothelioma of 
the omentum. Other pathologists do not accept this group of tumors as 
a distinct entity. McFarland does not believe that endothelial cells 
are capable of tumor growth and does not recognize this type of new 
growths. It is evident that the term endothelioma has been loosely 
applied, and careful study has resulted in a restriction of the group. 
The question seems to depend on the actual embryologic origin of the 
endothelial cells of the blood vessels and lymphatics. If of mesodermal 
origin, they give rise to some kind of sarcoma ; if they are to be con- 
sidered as an independent type of cells, they give rise to a distinct 
type of malignant growth intermediate between the sarcoma and carci- 
noma. Two questions are involved in a consideration of the malignant 
growths supposed to originate in the serous membranes, particularly in 
the peritoneum, pleura and meninges. There is considerable doubt, 
first, whether these tumors actually arise from the endothelial cells or 
from the underlying supporting tissue ; and second, whether the endo- 
thelium is to be considered as developing from the connective tissues or 
as an independent layer. Until it is possible to settle this somewhat 
academic question, it would seem simpler to consider this group of 
tumors as a variety of sarcoma, and avoid all confusion with carcinoma, 
which must always be a secondary growth in the omentum. The micro- 
scopic picture is often confusing, and differential diagnosis by this 
means alone is not always possible. The clinical history, preoperative 
and postoperative, and the gross anatomic relations of the tumor must 
always be taken into consideration. In some advanced cases absolute 
differentiation is out of the question. 
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I’AI'KIUMKNT /.—noji v^. wciRljinj? U/t Kfi., May 28, 1925, was given onc- 
fniirtli gr.'ii!) I t niiirpljinc and '/mo grain <»f atrnpine. Under ctljcr ancsllicsia the 
Iwnnclinscnpe was hurodneed Inlti the right lower lobe hronchns and the lumen 
was entirely fdled with human tonsil and adenoid tissue. 

June 2. !)rc)ndutscopic examination revealed no inflammation of the bronchial 
ntneous membrane. The tonsil tissue had been expelled. 


I’.xi’iJUMr.XT 8. — Dog Y*l, July 2, 192.\ was placed under ether anesthesia and 
the hronch«iscope itJtroduce<l into the right lower lobe bronchus. An entire tonsil 
was ctit into small pieces ami inserted into the bronchial lumen. 

July 3, the dog was found dead in his cage. Immediately after the introduc- 
tion of the instrument the dog developtnl respiratory’ distress and cyanosis which 
grew progressively worse tmtil death. At necropsy a perforation was found in the 
lung leading to a right lower lobe bronchus. The tonsil was found remaining in 
the bronchial lumen, hut there was no evidence nf inflammation. The cause of 
death was attributed to a pneumothorax. 


9. — Dog Y7, weighing 9,4 Kg., July 25, 192.S, was given one-sixth 
grain of morphine and • jr.o grain of atropine. Under ether anesthesia the bron- 
choscope was introduced and three hits of human tonsil tissue were placed into 
the right lower lobe hronclms. 

July 28. hronchoscopic examination revealed an absence of the tonsil tissue and 
no inflammatory change was visible. 

Exi'KKtMr.XT lO.-— Dog Y7, Aug. 7, 1925, was given «)ne-5ixth grain of morphine 
tHtd ’/ir,o grain of atropine. Uttder ether anesthesia the bronchoiscope was intro- 
duced and the right lower hibe Immchus filled with human tonsil tissue. 

August 27, the dog was fotind <fea<l in the kennels. Death was due to trauma 
received in a fight. The right lower bronchus gave evidence of a slight purulent 
ittflammatiou al.sn present throughout the bronchial tree. There were a few small 
pcribronclual patches <if infiltration throughout. The animal probably had distemper. 

I':.\ef.Ki.MKXT 11.— Dog Y12, weighing 10.5 Kg., Oct. 2, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia, the bronchoscope was intro- 
duced and a mixture of gum tragacanth, Bacillus colt and Staphylococcus aureus 
forced through a rubber tube into the terminal bronchi of the right lower lobe by 
means of an air pump. The compressed chest was released at the same time so as 
to create a forceful inspiration. 

October 5, roentgenograms of the chest showed no evidence of lung involvement. 

October 8, roentgenograms of the chest revealed no altered .appearance of the 
lungs. 

October 14, roentgenograms revealed clear lung fields. Bronchoscopic exam- 
ination showed no evidence of bronchial inflammation. There seemed to be an 
odor of Bacillus call to the breath, 

• 

Experiment 12.— Dog YIS, weighing 6.4 Kg., Oct. 3, 1925, was given one- 
sixth grain of morphine. Under ether anesthesia the bronchoscope was introduced 
and a mixture of gum tragacanth. Bacillus coli and Staphylococcus aureus forced 
through a rubber tube into the terminal bronchi of the right lower lobe by means 
of an air pump. The compressed chest was released at the same time so as to 
create a forceful inspiration. 

October 8, roentgenograms of the chest showed the lung fields to be clear. 

October 14, roentgenograms of the chest revealed no change in density o 
the right lower lobe. Bronchoscopic examination showed no evidence of inflam- 
— iU.. .,ut,n,,crh iipi-p aeain the odor of Bacillus colt was detected. • 
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Lipomas are described in the omentum, and are usually benign 
tumors. There is, however, an interesting relationship between these 
growths and a malignant type of fibromyxomatous growths, which has 
been discussed recently in connection with malignant lipomas of the 
thigh by Kellogg Speed.®® This relationship may explain some of the 
myxomatous tumors of the omentum. 

CONCLUSIONS 

The great omentum may be tlie seat of a number of pathologic 
changes resulting in the development of tumor masses which suggest 
primary malignant tumors. It is often involved secondarily in malig- 
nant disease, cancer of the abdominal viscera, but such tumors are 
never primary in the great omentum. Concerning primary malignant 
disease, sarcoma of the om.entum, nearly fifty cases have been carefully 
reported and reviewed which must be accepted in this category (von 
Stopelmohr I have studied the original reports of ten of these cases 
besides my own, which I believe to be definitely primary sarcoma 
originating in the great omentum. The latter cases were all fatal, either 
at the time of the original observation or subsequently from recurrence. 

In order to classify a given case as a primary sarcoma of the 
omentum, two qualifications must be met: 1. The growth must have 
originated within the omentum. This is clearly demonstrable in cer- 
tain cases discovered early at exploratory laparotomy in which the 
growth is found entirely within the serous layers of the omentum, and 
does not involve any of the adjacent organs. In cases in which the 
growth has become extensive, or has developed metastases when first 
discovered, it may be impossible to prove that one is dealing with a 
primary tumor of the omentum. 2. The growth must be proved malig- 
nant. There are two criteria for determining this point: (o) microscopic 
examination and (6) clinical course. The microscopic picture is usually 
definite, and the diagnosis is readily made by any competent pathologist. 
The occurrence of sarcoma is so rare, however, that one hesitates to 
make the diagnosis on the basis of the microscopic picture alone. In 
many cases the histology is so confusing that microscopic differentiation 
is not possible. The usual clinical picture of sarcoma is recurrence or 
extension, in spite of early and relatively wide resection. In the case 
of a localized tumor which has been removed, one would hesitate 
to accept the diagnosis of sarcoma unless the microscopic picture 
was beyond question, or unless there was a history of recurrence. On 
the other hand, in the case of a localized tumor removed and recog- 
nized microscopicall)’’ as sarcoma, vrith subsequent recurrence, one is 
forced to diagnose primary sarcoma of the omentum. These are the 
three absolute requirements : localized tumor located within the omentum 
without attachment to other structures; histologically, a sarcoma; a 
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Experiment 13. — ^Dog Y17, weighing 6.7 Kg., Sept 21, 1925, was given one- 
sixth grain of morphine. Under ether anesthesia the bronchoscope ,>vas introduced 
and a piece of human tonsil rolled in gum tragancanth and fastened with lead 
filings was placed into a right lower subdivision bronchus. A piece of human 
tonsil clamped with lead was placed into a left lower subdivision bronchus and a 
small chicken feather was also placed into another one of the right lower bronchi. 

September 22, a roentgenogram of the chest showed the one foreign body still 
present in the right lower lobe. The one on the left had disappeared. There 
was no evidence of any pathologic change. ' 

September 26, a roentgenogram of the chest revealed the absence of both 
foreign bodies. 

October 2, bronchoscopic examination revealed no evidence of inflammation. 
The foreign' bodies had disappeared.. 

Experiment 14. — Dog Y17, Oct. 2, 1925, was given one-sixth grain of mor- 
phine. Under ether anesthesia, the bronchoscope was introduced and a jagged 
tooth of the animal was placed into tlie left lower lobe bronchus. A mixture of 
gum tragacanth. Bacillus colt and Staphylococcus aureus was also forced into the 
terminal bronchi of the right lower lobe in the same manner as in experiment 11. 

October 5, roentgenograms of the chest revealed a faint shadow in the region 
of the implanted tooth, probably the foreign body itself. No evidence of a patho- 
logic change was discernible. 

October 8, roentgenograms of the chest revealed clear pulmonary areas. 

October 14, roentgenograms of the chest showed no change from the preceding 
plates. Bronchoscopic examination revealed no evidence of inflammation in the 
bronchi but here again the odor of Bacillus coli was detected. The tooth was 
still present in the left lower lobe bronchus but no pus or redness of the bronchus 
was visible. 

October 23, bronchoscopic examination showed the tooth to be absent. There 
was again no inflammation present. 

Experiment 15. — Dog Y17, Oct. 23, 1925, was given one-sixth grain of 
morphine. Under ether anesthesia the bronchoscope was introduced and a metallic 
figure 4 was inserted into the same left lower lobe bronchus that the tooth had 
occupied. 

October 29, roentgenograms of the chest revealed the foreign body still present 
in the left lower lobe. No infiltration could be seen about the foreign body. 

November 15, the dog died of distemper. Examination of the left lung failed 
to locate the foreign body. The bronchus that contained the metallic figure 4 was 
of normal size. The entire bronchial tree showed the diffuse characteristic appear- 
ance of distemper. 

INTRAVENOUS INJECTION SERIES (TABLE 3) 

Technic . — ^Following and in conjunction with the discouraging 
results experienced with the intrabronchial methods, the idea was con- 
ceived of introducing into the large veins infected materials, which would 
be transported to the right side of the heart by way of the venous circu- 
lation and thence to the lung by way of the pulmonary artery. The ease 
with which foreign bodies can be placed within the jugular vein because 
of its size and accessibility and the absolute certainty of subsequent 
transmission to the right side of the heart led us to choose this vessel 
as the most suitable receptacle for such materials. 



McDonald— SARCOMA of omentum 


1257 


history of recurrence and extension or metastases. Cases meeting these 
criteria must be accepted in this group. No matter how typical the 
histologic picture, the absence of recurrence or metastasis will throw 
some doubt on a diagnosis of sarcoma. 

It would be instructive to apply these criteria to the cases reported in 
the literature and commonly accepted in this classification. This is not 
possible, since many of the original reports are not available. One 
should, however, find three groups. 1. Positive cases: those which 
meet alb of the necessary conditions, definitely primary in the omentum, 
definitely sarcoma microscopically and recurrent as sarcoma. 2. Pre- 
sumptive cases: those which include advanced cases in which there 
is some doubt concerning the original focus of disease with extension 
or metastasis to other structures. Many of these undoubtedly were 
primary in the omentum, and in reviewing them, I am dependent on 
the impression of the original observer. In this group should also be 
included some cases in which the tumor is definitely primary in the 
omentum and grossly resembles a malignant growth, but either the 
histology is not definitely that of sarcoma, or the clinical course is 
incompatible with such a diagnosis. 3. Other cases are still more doubt- 
ful and should be excluded. 
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Recurrence within a year was also localized within the omentum in such 
a manner that the surgeon found an aj)parently operable tumor which 
did not show gross evidence of extension or secondarj^ growth. Finallj 
there was recurrence with extensive growths throughout the abdomen 
at least, as proved by autopsy. The histologic pictures presented in 
slides made from the original growth, the recurrence and the autopsy, 
were similar, and confirmed the original provisional diagnosis of primary 
sarcoma of the great omentum. 

REVIEW OF THE LITERATURE 

The literature concerning this subject is somewhat confused in two 
respects: 1. It includes many cases of malignant growths which, while 
involving the great omentum, are not primary in that structure. 2. Many 
of the reports concern inflammatory masses, various types of infarction 
and lymphogenous cysts, any of which may closely resemble sarcoma 
microscopically. 

The first comprehensive review of the subject is a thesis by Camus.® 
He discusses the anatomy and structure of the omentum, and defines 
what may properly be considered as a primary tumor of the omentum. 
He follows the teaching of Trousseau and of Eve, whom he quotes 
to the effect that primary cancer of the omentum does not exist, and 
that all cancers of the omentum are metastases or extensions of cancer 
in other structures. He limits tumors of the omentum to the following 
t)’pes: endothelioma, lymphoma, lipoma, fibroma, sarcoma (embryonic 
fibroma) and angioma (no cases reported). Endotheliomas originate in 
the surface endothelium (peritoneiun) or lymphatics as white masses in 
the omentum. The condition may not be cleai’ly primary in the 
omentum, since similar growths may be found throughout the peri- 
toneum or even in the pleura. He refers to the autopsy reports of two 
cases; those of Schulze, 1876, and Lancereux, 1878, in which, however, 
it is not certain that the sarcomas were primary in the omentum or even 
in the peritoneum. He describes the lymphoma, lipoma and fibroma as 
benign masses which are often pedunculated. Thus they may lose their 
original connection with the omentum and be found as isolated tumors 
lying free in hernial sacs or in the peritoneal cavity. He refers to 
illustrative cases in the literature. Concerning sarcoma of the omentum, 
the author says that it is a rare tumor which grows rapidly and ma}' 
reach large size. It is variable in consistency, has an alveolar structure 
and contains areas of colloid degeneration of pseudocystic formation. 
There may also be hemorrhages of the tissues, due to the rupture of 
vessels which are often much dilated, particularly about the periphery 
of the tumor. This results in the formation of hemorrhagic cysts. 
Sarcomas are not encapsulated, being covered only by a thin cellular la 3 'er 
(peritoneum). They grow rapidly, displace viscera, and may interfere 
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appearance of a man of splendid physique; he was 6 feet tall and weighed 180 
pounds (81.6 Kg.). Early in Januarj', 1910, he had fallen and received a spiral 
fracture of the left humerus at about the junction of the middle and upper thirds. 
He was treated at the Hudson Street Hospital, and then returned to Baltimore, 
where he was treated by Dr. W. A. Fisher. A roentgenogram taken at this time 



Fig. 61 (case 141 in table 7). — ^Three months later than figure 60. 


showed a spiral fracture without any trace of a new growth. Three weeks later, 
he felt severe pain at the site of the fracture. Another roentgenogram was taken 
which showed that in the meantime a well marked tumor had developed, appar- 
ently a sarcoma, involving both the central portion and the periosteum. The 
growth increased rapidly in size, and was accompanied by severe and constant 
pain. An exploratory operation was performed by Dr, Finney in June, revealing 
a large sarcomatous growth that involved both the central and the periosteal 
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portions-’ •- the humerus and extended from about the junction of the middle and 
upper thi nearly to the head of the bone; the bone was completely destroyed; 
a pathulci'ic fracture had occurred, and there was a flail joint. The central por- 
tion of the tumor was curetted; in Dr. Finney’s opinion, amputation offered no 
hope of a cure. June 15, the patient came to us and was immediately put on 
the mixed toxins ; these were continued in small doses systemically in the pectoral 
region and a few in the arm. 

. The specimen was examined microscopically by Dr. James Ewing and pro- 
nounced a spindle cell osteogenic sarcoma; this diagnosis was confirmed by Dr. 
Joseph C. Bloodgood. There were no giant cells. 

Under the toxins the tumor slowly and steadily decreased in size; there was 
immediate cessation of the pain which had been constant from the first appear- 
ance of the tumor; the shell of bone about the tumor, which had undergone spon- 
taneous fracture, gradually became harder with the formation of new bone, arid 
within a few weeks complete union had occurred ; the large cavity gradually filled 
up with granulations. Several curettements showed the material to be sarcoma of 
the same type as the original tumor. Another roentgen-ray examination in the 
latter part of 1910 showed that the new growth had apparently entirely disappeared 
and there was firm union of the arm. The patient’s general condition was excellent. 

In November the granulations began to increase again in size and in spite of 
curettage, quickly recurred. A roentgenogram taken in December showed a small 
shadow starting in the periosteum, in the axillary region. In the early part of 
January, we performed a shoulder joint amputation. The patient remained well 
for about one year, and then developed a large, recurrent tumor, the size of two 
fists, in the pectoral region. We did an incomplete removal and put him on a 
prolonged course of toxin treatment. He remained in apparently good condition 
until April, 1912, when he complained of pain, and a mass below the clavicle at 
the top of our last incision. He consulted Dr. W. A. Fisher of Baltimore, who 
found a mass about 3 cm. in diameter and very sensitive. As it was impossible 
for the patient to return to New York at that time, he was sent to a local hospi- 
tal, where Dr. Fisher, believing the present trouble to be a recurrence, removed the 
shoulder girdle; it proved, however, to be a large neuroma. The patient was 
more comfortable after the operation and gained steadily in weight and strength; 
in October, 1913, he weighed 212 pounds (96.1 Kg.), and was the picture of health. 
He remained well until 1920, when lung metastases developed; he died shortly 
after. 

Case 40. — Large, osteogenic sarcoma of humerus, treated with toxins and 
radium; complete disappearance of tumor; patient well two years later, 

E. M., a man, aged 47, was referred to us by Drs. William C. Sheehan and 
John B. Deaver of Philadelphia, July 24, 1924. About a year and a half before the 
patient had tripped over a low fence and fractured the left humerus at the upper 
third. One year later a tumor developed at the site of the injury. Physical 
examination at the time of our first observation showed the left shoulder markedly 
swollen on the outer and anterior aspect, the swelling occupying the whole region 
of the deltoid, and extening up to the tip of the clavicle ; it was soft in consistency, 
semifluctuating, and extended out to the pectoral muscle. The measurement 
over the axilla and tip of the clavicle was 21 inches (53.3 cm.), while the circum- 
ference at the highest point of the axilla w'as 15 inches (37.5 cm.). Motion at 
the shoulder was considerabb' limited; he could raise his left hand as high as his 
chin but not to the top of his head ; abduction was about 45 degrees ; the skin 
was normal in appearance; the veins were not dilated. 



OBSERVATIONS ON THE NATURAL HISTORY 
OF RENAL INFECTIONS* 


HUGH CABOT, M.D. 

ANN ARBOR, MICH. 

The subject of infections of the kidney may be regarded perhaps 
as a thoroughly explored field, and yet I suspect that a great majority 
of capable physicians are still unfamiliar with important facts in this 
field and are likely to regard various stages in the same process as 
different disease entities. It does not seem improper, therefore, to 
discuss the subject further in an attempt to determine whether broad 
generalizations in regard to the origin and course can be deduced from 
the knowledge now at hand. 

I am intentionally excluding from consideration certain large groups 
of cases. Those which are definitely secondary, and which are regarded 
as a natural consequence of other lesions of the urinary tract are not 
considered. In this group belong the infections of the kidney secondary 
to other diseases of the kidney, such as stone and tumor, and infections 
clearly consequent on gross organic obstruction of the lower urinary 
tract. In the latter group belong the infections caused by urethral 
obstruction, whether from stricture or the prostate. I wish also to 
exclude tuberculosis, since in important particulars it departs in behavior 
from other types of infection and seems sufficiently important to merit 
separate consideration. 

One is tempted to speak of the group now under consideration as 
“primary infections of the kidney,” but perhaps this phrase is mis- 
leading, since it might influence opinion as to the relation of such infec- 
tion to infections in other portions of the body. The group should be 
held to include, however, the infections of the kidney which occur in 
organs assumed to be normal and ift which there is no obvious cause 
influencing the development of infection. To this extent they may 
properly be spoken of as “primary.” One may classify the group under 
consideration on the basis of either the bacteriologic or the pathologic 
observations. The latter grouping seems to me most enlightening, par- 
ticularly when one is- concerned with the clinical manifestations and is 
interested in the natural history of the process. From the point of 
view of the lesions, these infections may be classified grossly into two 
types: (1) the cortical type and (2) the pyelitic type. It should be 
understood that the lesions are not strictly exclusive, and that they 
grade more or less into each other, but both from pathologic and clinical 
points of view the division is satisfactory and represents groups which 
can be r eadily separated by the clinician. 

*From The Department of Surgery, University of Michigan. 
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by the experience in my case that the distention did not disappear as 
soon as the abscess evacuated into the bowel, but about a week later, 
that is, as soon as the paraproctitis and pelvic inflammation subsided. 

A review of the recorded histories and the course in this case show 
that there is a certain sameness in the symptomatology which ought to 
make us think, in circumstances in which a pelvic condition is likely, of 
a retroperitoneal abscess. All the patients had fever and a moderately 
high leukocyte count, indicating the presence of pus somewhere. The 
symptoms were all referred to the abdomen and there were no symptoms 
in any other part of the body ; this limited the pathologic condition to 
a lesion in or near the abdomen. 

All the patients had abdominal distention, pain and general tender- 
ness, but no rigidity. The distention was always marked and could not 
be relieved by any of the known measures, and it was present even in 
cases like mine in which there were frequent bowel movements. Most 
of the patients suffered from tenesmus and some had vomiting. These 
symptoms were so constantly grouped together that we must consider 
them evidences of pelvic infection. 

The associated symptoms and the history are of great importance 
in the diagnosis. In seven of the twelve cases (58 per cent) there was a 
history of an injury at the pelvis or about the hips. In these cases there 
very likely was a hematoma, which subsequently became infected. A 
history of an injury should, therefore, lead us to suspect the possibility 
of an abscess. In three cases there was a general infection in the course 
of which there was a localization of s)rmptoms in the pelvis due evidently 
to a metastasis. The tenesmus which was of frequent occurrence indi- 
cates the presence of a proctitis or pararectal irritation, and it also sug- 
gests the possibility of a pelvic infection. In one or two cases there was 
a flexion of the thigh which immediately makes one think of a collection 
of fluid in the iliac fossa and possibly lower down in the pelvis. In 
one case in which an operation for appendicitis was performed a pelvic 
abscess due to infected and broken down retroperitoneal glands was 
found. 

Reference to the table shows that a pelvic abscess has been seen at 
all ages, from 3 to 64 years, but at least half the patients were in the 
third or fourth decades. In five cases a fluctuating mass ultimately 
appeared in the groin ; this simplified the problem of where to operate. 
The acute cases tend to evacuate themselves into the rectum, bladder 
or peritoneum. The most favorable location is into the rectum. There 
were three cases (25 per cent) of spontaneous emptying of the abscess 
into the rectum. The most serious cases are those in which there is a 
general infection. In this series of twelve cases there were three with 
a general infection and suppuration ; all these patients died from exhaus- 
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TYPES OF INFECTION 

Cortical Type . — This type of infection forms a well defined dis- 
ease entity. In the overwhelming majority of cases, it is produced by 
one of the pus-producing cocci, and Staphylococcus aureus or Staphylo- 
coccus albus will be found in large numbers. In many cases it can be 
shown clearly to be secondary to some focus of cutaneous suppuration 
or well defined infection in some other portion of the bod}'; thus, the 
boil, the carbuncle, osteom)'elitis and acute coccus infections of the 
upper respiratory tract or of the middle ear are commonly found to 
be related in point of time, and there is every reason to believe that the 
relation is direct. The medical profession in general is most familiar 
with the lesion in its severe form. This is the condition to which 
Brewer called attention in this country many years ago, referring to it 
as the “carbuncle of the kidne}',” and is the same lesion later discussed 
by Keyes under the name of “acute focal necrosis.” This is the most 
spectacular manifestation of the lesion, but I strongly suspect that it 
is by no means the most common. If one is interested in this gi'oup of 
cases and is therefore looking for them, one will often see patients with 
acute peripheral suppuration, who at some time during or immediately 
after such infection develop pain referable to the region of the kidney, 
definite costovertebral tenderness and fever. If, careful examination 
is made of the urine during the first few days after the occurrence of 
these symptoms, cocci identical with those found in the peripheral 
infections may be obtained. It is ordinarily believed, and I think with 
justification, that in these cases the infecting organism occurs in the 
urine chiefly during the early days, then commonly disappears and 
cannot be found again. Experience shows that these patients. generally 
do not develop the more severe suppurative lesions of the kidney, but that 
after a longer or shorter period, vaiydng generally between ten days and 
three weeks, the process subsides and the patient recovers completely. 
In this way, I think, are to be explained a good many of the scars so 
commonly seen at autopsy on the surface of otherwise healthy kidneys 
and which clearly are the signs of some infection which never became 
acute. 

My own experience has led me to believe that this type of coccus 
infection constitutes a large majority of the cases, and that the opinion 
held some years ago that in most of these cases severe destruction of 
the kidney occurred which was likely to require radical operation, is 
probably wrong. With enlarging experience, I have found that the 
acute destructive t3'pe seems to constitute only a minority of the cases, 
and I believe that these lesions when not too extensive show a great 
tendency to spontaneous recovery. 

There is, however, one manifestation of this type of infection to 
which attention should be called, and that is the probability of the 
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tion. There was another death of a man who had had symptoms for 
four weeks. The abscess ruptured into the rectum; suppuration con- 
tinued and the patient died of exhaustion. In one case treatment was 
refused and the result is not known. In seven cases there was a com- 
plete cure. In five of these seven there was a definite injury and in one 
of the remaining two cases the course is unknown. Thus the most 
favorable type of case is the acute pelvic abscess following an injury. 

It is worthy of comment at this point that the incidence of pelvic 
infection in pelvic fractures is exceedingly small. The case I am report- 
ing is the only one I have seen among many dozens of cases of injury 

Analysts of Twelve Cases of Pelvic Abscess in the Male 
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to the pelvic bones. Many of the industrial surgeons I have spoken to 
have not seen any case of pelvic abscess. So that even if we assume 
that some instances of pelvic infection have been overlooked, its occur- 
rence in fractures of the pelvis is undoubtedly infrequent. 

CONCLUSION 

The conclusion we drew from a study of the symptomatology and 
etiology as described here is that when abdominal pain, persistent and 
marked distention and tenderness with fever and a leukocytosis but no 
localized abdominal rigidity occur after an injury of the abdomen, back, 
pelvis or hips, or in the course of a general infection, and there are 
no distinguishing symptoms or signs of a very definite lesion, these 
evidences must be considered as being due to an accumulation of pus 
in the pelvis. 
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formation of pei'inephritic abscess. A study of the literature of 
perinephritic abscess is rather confusing, since in most of the writings 
on the subject there is a tendency to consider all abscesses in the perirenal 
space which are believed to be of renal origin. This classification seems 
misleading to me, since it brings into the group a large number of 
instances in which the perinephritic abscess' is simply an exjjression of 
some outstanding and severe lesion of the kidney, such as renal calculus 
or tuberculosis. In these cases it is better to connect them with the 
primary cause and to regard them as complications caused by calculi 
or tuberculosis, since their management is clearly dependent on the 
underlying cause. If one excludes from these classifications all cases 
in which there are massive lesions of the kidney and all cases of abscesses 
in the perinephritic space which bear no relation to the kidney, such as 
those of bony origin, there remains an interesting and imjjortant grouj) 
for which Richardson, ten 3'ears ago, suggested the title of “primary." ^ 
At that time he collected a series of fifty-nine cases from the records of 
the Massachusetts General Hospital. He separated from this series two 
groups in one of which the lesion was due to a “direct extcrision from 
a neighboring organ or structure outside the renal fascia." In this 
group he found five cases. He then separated a group of twenty cases 
with “antecedent or predominant lesions of the kidney or urinary 
tract.” There remained a group of thirty-four cases, which he classi- 
fied as “primar)'.” In many of these he was able to show the cb-existence 
of suppuration elsewhere, though in many cases the imperfections of 
the records prevented accurate deduction. Since that time there has 
been increasing evidence in favor of the view that this type of peri- 
nephritic abscess is probably always associated with peripheral infection 
and is closely related to the group of cases described in which there is 
evidence of cortical suppuration in the kidney, and in which recovery 
is often spontaneous. 

The clinic with which I am associated is able to add to his observa- 
tions, twelve cases observed during the last five years. In eight cases 
a staphylococcus was obtained from the urine. It is interesting to 
observe the much greater incidence of this type of infection in men than 
in women. In the thirty-four cases reported by Richardson, thirty- 
three of the patients were men and one was a woman. In the cases 
seen at the clinic, nine of the patients were men and three were women. 
Thus in a carefully separated group of forty-six cases, forty-two of 
the patients were men and four were women. 

This coincides accurately with my obseiwations in regard to the 
tendenc}' to a predominance of men in cases of the cortical type of 

1. Richardson, E. P.: Perinephritic Abscess, Surg. Gj-nec. Ohst. 21:1 (July) 
1915. 
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SURGERY AND DISEASES OF THE NERVOUS SYSTEM 

Sympathetic Gauglionectomy and Perivasctdar Heurectoiny . — 
Adson ** reports an operation which consists of bilateral lumbar sympa- 
thetic ganglionectomy, in conjunction with the removal of the sympa- 
thetic trunks from above the level of the second lumbar to below the 
level of the fourth lumbar sympathetic ganglion, with division of all the 
gray rami, and perivascular sympathetic neurectomy of the common 
iliac arteries, in order to interrupt all stimuli passing over the sympa- 
thetic nerves to the vessels of the lower extremity. Brown, in reporting 
the results of Adson’s work, says that in the cases of spastic paraplegia 
and Raynaud’s disease in which organic disease of the vessels was 
absent, there was clinical evidence of increased flow of blood and absence 
of sweating in the feet. Calorimetric studies following operation revealed 
increases in the rate of elimination of heat from the feet. The superficial 
temperature was definitely increased as determined by the use of a 
thermocouple. The duration of the vasodilatation cannot be stated, as the 
observation periods have not exceeded sixteen months. Similar opera- 
tions in thrombo-angiitis obliterans were followed by vasodilatation. 
The feet were warmer, and sweating was absent. Calorimetric studies 
showed increased rates of elimination of heat and increased superficial 
temperature of the feet, although the results were not as uniform as 
those obtained in Raynaud’s disease. Pain was completely relieved for 
the period of postoperative observation, and healing of trophic ulcers 
occurred in all cases. The blood pressure was not significantly changed. 


44. Adson, A. W.: Ann. Clin. Med. 5:161 (Aug.) 1926. 
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renal infection. The explanation of this predominance is, I suspect, not 
to be found in the fact of sex, but in the greater frequency of peripheral 
infections in men as compared with women, and it may be related to 
some extent to occupation and trauma. 

The natural history of this infection would thus appear to be 
somewhat as follows : The lesion is generally secondary to a focus of 
suppuration elsewhere, caused by the pus-producing cocci. The infec- 
tion is hematogenous in origin and may perhaps be spoken of as 
“metastatic.” The lesion in its typical form is a group of subcortical 
abscesses, the development of which may give one of three results: 

1. The process may be active and overwhelming, producing myriads of 
abscesses which fuse and cause widespread destruction of the kidney. 

2. The lesion may show a tendency to be self-limited, to confine itself 
to portions of the kidney, and the patient may recover spontaneously. 

3. Some relatively circumscribed group of cortical abscesses may con- 
tinue to develop, break through into perinephritic space and form the 
typical primary perinephritic abscess, recovery following drainage of 
this abscess. It is interesting to note that in a relatively small proportion 
of cases of perinephritic abscesses it becomes necessary to deal with the 
kidney itself. In no small number of them, fever and renal tenderness 
persist, indicating, I believe, further cortical suppuration in the kidney; 
but in the vast majority of cases, the wound continues to drain, the 
fever finally subsides and study of the function of this kidney shows 
it to be within normal limits. 

The Pyelitic Type . — ^The most common infection of the kidney in 
the groups defined is commonly referred to as “pyelitis,” though it is 
perhaps more accurate to describe all these cases as “pyelonephritis.” 
It is a condition which has aroused much interest because of its fre- 
quency, and there is as yet no wide agreement in regard to its history. 
On account of its importance, it seems to me justifiable to “take account 
of stock” periodically to see whether or not any sound deductions can 
be drawn from the many careful observations which have been .made 
in this field. 

The Infecting Organism : There has long been considerable agree- 
ment in the view that bacilli of the colon group are the causative agents 
in the majority of cases. In certain subgroups of this condition, it is 
nearly always the infecting agent. Thus, in the pyelitis of girls it is 
distinctly rare to find any other organism except in the smallest quanti- 
ties. In the pyelitis associated with pregnancy, the colon bacillus is the 
cause in the overwhelming majority of cases. Even if one excludes 
these two groups, I believe that it is true that the colon bacillus may still 
be considered the cause in the majority of cases. In a recent study 
of cases from a clinic in which the pyelitis of children or of pregnancy 
are rarely seen, and which is therefore a clinic for adults with these 
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Seven cases of spastic paraplegia, three cases of Raynaud’s disease and 
four cases of thrombo-angiitis obliterans were included in this report. 

Arthropaihy in Syringomyelia.— Ay or reports the case of a man, 
aged 45, who complained of trouble with the left shoulder and inability 
to raise the arm above the head. On physical and roentgen-ray exami- 
nation, there was revealed a well marked neuropathic joint. There was 
no evidence of tabes. Neurologic examination showed definite disso- 
ciation of sensation, leading to the diagnosis of syringomyelia. The 
interesting feature of the case was the fact that the arthropathy was the 
earliest symptom of the disease. 

[Ed. Note, — The fact should be emphasized that Charcot joints 
occur with great frequency in syringomyelia. In fact, the incidence is 
much higher than in tabes, although the disease itself is less common. 
The finding of a Charcot joint with no evidence of tabes should of itself 
point strongly to syringomyelia.] 

SURGICAL OPERATIONS ON TENDONS, BONES AND JOINTS 

Operative Treatment of Congenital Torticollis. — Silver^® describes 
the method .of operative treatment of congenital torticollis which has 
been used in his clinic for the past eight to ten years. The feature of 
the operation on which most stress is laid is the excision of one-half 
to three-quarters inches (1.27 to 1.9 cm.) of the sternal and clavicular 
heads of the sternocleidomastoid muscle. He insists on the necessity of 
careful hemostasis and of a postoperative compression dressing. No 
corrective apparatus is used. Corrective exercises are started as soon as 
the incision is sufficiently healed. There have been no failures in any of 
their cases, although the series included one patient who was 17 years 
of age at the time of the operation. 

[Ed. Note. — We believe there is an element of danger in Silver’.s 
opinion that postoperative retention apparatus is unnecessary in these 
cases, especially for those less conversant with treatment by exercise than 
he. We have found it necessary in order to prevent recurrence to fix 
the neck in a position of overcorrection for a considerable period before 
starting exercises.] 

Operative Treatment of Spastic Torticollis. — Foerster considers 
the intradural excision of both the anterior and posterior roots of the 
first, second, third and fourth cervical nerves as the surest and safest 
operation for the relief of spastic torticollis. Operations on the muscles 
are of only temporary benefit, and the extraspinal resection of the nerves 
is difficult and dangerous. Foerster has performed the intraspinal divi- 

45. Ayer, J. B.: Boston M. & S. J. 195:282 (Aug. 5) 1926, 

46. Silver, D.: J. Bone & Joint Surg. 8:489 (July) 1926. 

47. Foerster, O. : Zentralbl. f. Chir. 53:2804, 1926, 
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groups excluded, an examination by smear and culture of 201 cases 
showed the colon bacillus in 141 cases, or 70.4 per cent, and various 
cocci in 60 cases. Since this is the group about which there is most 
disagreement, one may continue to agree with the statement often made 
that the colon bacillus is obviously the infecting agent in from 70 to 

80 per cent of the cases. 

Sex: There is an important predominance of this type of infection 
in the female, if one considers p^'^elitis without regard to age. In chil- 
dren, the enormous majority of infections of the kidney of the pyelitic 
type appear in girls ; in fact, pyelitis in boys is a curiosit)'. If the fre- 
quency of pyelitis in association with pregnancy is observ^ed, a large num- 
ber of cases can be obtained from these two groups. The question 
requires a further examination of the evidence of the occurrence of 
pyelitis in the adult not associated with pregnancy. I have reviewed 
clinical records of the last five years in order to study this point, and 
I find that in a clinic which, as already pointed out, does not include 
children nor women during pregnanc}*^ nor the puerperium, there are 
careful records of 259 cases. Of these patients, 178 w^ere women and 

81 were men, showing that 68.7 per cent of the cases occurred in 
women. ‘ 

The striking predominance of women in this group of cases cannot, 
I think, be regarded as accidental, and must be of interest to any one who 
explores this field in an attempt to account for the development of this 
condition. 

THEORIES OF ORIGIN 

The Theory of Ascending Infection . — ^For a long time, even to the 
present day, the theory of ascending infection has held sway. This 
theory received its most important impetus in the attempted expla- 
nation of the etiology of pyelitis in girls. Here the anatomic facts of 
the conformation of the urethra and its obvious exposure to contami- 
nation with intestinal discharges formed an easy explanation. If this 
explanation is to be regarded as sound, it should be shown to be applicable 
not only to the pyelitis of childhood, hut to pyelitis in general, and it 
must be definitely shown that the process does ascend, which requires 
clear demonstration of the existence of cystitis at a period immediately 
antedating the development of pyelitis. Neither of these conditions has 
been satisfied by the proponents of this view. There is no evidence to 
show that cystitis In girls antedates pyelitis, and there is overwhelming 
evidence to show that it does not. An objection to the explanation 
based on anatomic conformation is found in the fact that a not incon- 
siderable number of pyelitic infections of precisely the same tj^pe occur 
in men. It seems clear to me that any attempt to explain this infec- 
tion as one progressively ascending from the urethra to the Iddne}”^ 
must he abandoned and other determining factors sought as a basis. 
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Sion in four cases. Three of these are far enough along to be considered 
end-results, and all are satisfactory. In the fourth case the time since 
the operation is too short, but the improvement thus far obtained is 
excellent. In the discussion of Foerster s paper, Bielschowsk>^ called 
attention to the not uncommon occurrence of torticollis caused by a dis- 
turbance in the balance of the oblique muscles of the eye. This form of 
torticollis begins in early life when the child is being disturbed by double 
vision. By inclining the head to one side, the weak superior oblique 
muscles are relieved of strain, and binocular vision is reestablished. 
Bielschowsky stated that he had seen about twentj- cases in which the 
patients had received prolonged orthopedic treatment without relief until 
the correct diagnosis was made. The rational form of treatment in 
such cases is operative reinforcement of the oblique muscles of the eyes. 

Experience zcith Sanerbntch’s Turnover Plastic of the Leg . — ^In a 
former “Report of Progress in Orthopedic Surgery” was given the 
abstract of an article describing an operation devised by Sauerbruch to 
replace the femur excised for giant cell tumor by the tibia from the lower 
part of the leg on the same side. The supph' of blood in the tibia was 
not disturbed, the bone being turned upward so that the malleolar end 
rested in the acetabulum. 

Krampf now publishes the results in the four cases in which this 
operation has been performed. In two cases the hip joint was spared, 
and the tibia was merely grafted into the upper fragment. In the two 
other cases, in which the entire femur was excised, including the neck 
and head, remarkable functional results were obtained. In one of these 
cases the turned-over end of the tibia became displaced without disturbing 
the functional result a great deal ; in the other, the end of the tibia which 
had been placed in the acetabulum was gradually transformed in shape 
until it came to resemble somewhat the head of the femur. 

[Ed. Note. — "We doubt the advisability of such extensive reconstruc- 
tive siirger)^ as this.] 

Transplantation of the Tensor Fasciae Femoris into the Quadriceps. 

^Forbes discusses the possibility of transforming the tensor fasciae 
femoris muscle from a knee flexor into a knee extensor b}'^ transplanting 
the iliotibial band into the quadriceps tendon. He reports one success- 
ful result from this operation. 

Technic of Equalizing Length of Le^rj.— Ritter =<> is convinced 
that in poliomyelitis equalization of the length of the legs is better 
obtained by shortening of the sound leg than by lengthening of the 
affected leg . The shorter leg, with small frail bones, offers poor sur- 

48. Krampf, F.: Deutsche Ztschr. f. Chir. 196:246, 1926. 

49. Forbes, A. M.: J. Bone & Joint Surg. 8:589 (July) 1926. 

50. Ritter, R. O.: Surg. Gynec. Obst. 43:93 (July) 1926. 
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Theory of Distant Foci . — ^The growing appreciation of the impor- 
tance of focci in various parts of the body as factors in the production 
of disease in distant parts has naturally entitled this theory to considera- 
tion as an essential factor in the production of pyelitis. The foci to 
which most attention has been attracted are infections of the upper 
respiratory tract, including the middle ear in children, and in adults 
infections of the teeth or tonsils, which have been shown to have impor- 
tant relation to other conditions of disease. Other possible foci less 
frequently considered are those in the gallbladder, appendix or prostate. 
In order to give this theory high rank in the scale of probabilities, I 
think it is necessary to show that a causal relation, or at least a possible 
connection, can be demonstrated in a considerable proportion of the cases 
belonging to what one might call the three subdivisions of the field: 
the pyelitis of children, the pyelitis associated with pregnancy and the 
pyelitis not so associated in adults. 

In pyelitis in children there appeared to be an interesting association 
in the fact that pyelitis is not uncommonly seen in relation to acute 
infections of the upper respiratory tract as previously defined. The 
great objection to the acceptance of this view is the fact that the organism 
producing the infection which is alleged to have a causal relation is 
practically never the same as that found in the urine. A careful study 
of this question was made by Helmholz and Milliken.® They studied 
the question with a view to determining whether the organisms obtained 
from the urine and those from the throats and ears of these children 
showed any tendency to localize in the kidneys of experimental animals. 
Their conclusion was that there is no evident causal relation between 
the infection of the upper respiratory tract and the infection of the 
kidney. One may, of course, in this case fall back on the assumption 
of “lowered resistance,” but this appears to be rather shadowy. 

In the pyelitis of pregnancy, it would be necessary to show that 
women were more likely to have foci when pregnant than at other times. 
Finally, it would appear necessary to demonstrate that in persons in 
whom foci of infection were common, pyelitis was also common. This 
would, I think, require evidence that pyelitis was a common disease 
among people in whom neglect of the teeth and catarrhal infections of 
the upper respiratory tract are common. Evidence in support of this 
view is lacking. For instance, pyelitis should be exceedingly common 
in the lower classes in Great Britain and Ireland in whom carious teeth 
are common. Such a coincidence has not been demonstrated. 

I think, therefore, that it is necessary to discard the doctrine of focal 
infection as an important etiologic factor in the production of pyelitis. It 

2. Helmholz, Henry F., and Milliken, Frances : The Relation of Infections of 
the Upper Respiratory- Tract to Pyelitis, J. A. M. A. 81:1160 (Oct. 6) 1923. 
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gical material, and weight-bearing ma}’ not be allowed for a year alter 
the operation of lengthening. A sound femur, on the other hand, may 
be shortened and be useful in three months. He employs the following 
technic. After the parahtic leg has been made as long as possible by 
correction of any contraction, a section long enough to equalize the legs 
is removed from the normal femur. An intramedullary* peg of beef bone 
is then inserted to hold the fragments in alinement, and it is fixed by 
pins of beef bone passed transversely through it and the cortex. The 
muscles shorten and adapt themselves to the new functional require- 
ments. The chief risk is from the formation of hematoma in the loose 
tissue, which is liable to infection, and this must be watched carefulh*. 

Fixation of the Crucial Ligaments in the Knee. — ^Perthes reports 
eight cases of operation to restore ruptured crucial ligaments in the knee 
joint. He has emplo 3 *ed a patella-splitting incision to expose the interior 
of the joint. Then, according to the point of rupture of the ligament, a 
hole is drilled through the condyle of the femur or the tuberosity of the 
tibia, and through this hole is passed a piece of aluminum bronze wire, 
which is looped through the end of the ligament and tied. The wire is 
then pulled taut and fixed outside the bone. It has been a matter of 
general opinion that a torn crucial ligament atrophies and d\'en disap- 
pears, but this has not been borne out b\* Perthes’ experience. In a case 
of seven years’ duration he has found the ligament still strong and 
suturable. In seven cases the ligament was avulsed from the femur, 
and in one from the tibia. In three cases both ligaments were ruptured. 

[Ed. Xote. — ^\Ve believe that fascia provides better material for 
suture in such cases than wire.] 

Reconstruction of the Patella. — ^\'aldini reports an experimental 
and clinical study of the reconstruction of the patella, saying that as 
greater refinements in diagnosis are made possible, removal of the 
patella will be performed more frequenth* and the question of its recon- 
stniction will arise more often. The operation must fulfil certain 
re(iuirements. 1 . It must reestablish the continuity between the quadri- 
ceps tendon and the patellar ligament and maintain unchanged the dis- 
tance between the insertion of the quadriceps and the tibial tuberosit\* 

that flexion will be possible. 2. It must restore the anatomj' as 
nearh* as possible so that there will be normal extensor function. The 
antlior considers that Dalla Vedo\*a*s plastic operation fulfils these 
rf.jniresnerits. In this operation the patella is removed extraperiostealh*. 
.•\ tongue of the quadriceps tendon, Arith the base inferior, is next turned 
down and sutured to the proximal extremiu* of the patellar tendon and 
it' margins. Then an oval graft, 4 by 3 by* 1 cm. in thickness, is taken 


5! P.rnw?, G.: 


52. 


ZcmrnlM. f, Cnir. 53:8«. 1920 . 
iVlicli'nico 33:-:i9 f.Vjp. 15; 1920 . 
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is not necessary, however, to go so far as to maintain that foci of infec- 
tion may be entirely disregarded in relation to this condition. These foci 
are obviously objectionable. They may easily influence general condi- 
tions and, without promoting disease, may retard recovery. A physician 
should not, however, hold out to patients the hope that discovery of a 
definite focus in a tooth or a tonsil will, on its removal, be follpwed 
by cure of pyditis. 

The Doctrine of the Prepared Soil . — Since I have thus adjudged 
views put forward in regard to the etiology of this condition as being 
insufficient to explain the process, it is obviously proper that I should 
give some theory of my own which may at least form the butt for 
criticism. The medical profession should be interested in an attempt 
to explain the natural history of pyelitis by accumulated evidence in 
regard to the etiology of infection in other portions of the urinary tract. 
We have been in a position to study accurately the conditions essential 
to infection of the urinary bladder. From these studies, which have 
been carried on by many observers and in many countries, the following 
conclusions have appeared : 1. The introduction of bacteria alone is not 
sufficient to cause infection of the healthy bladder. 2. The introduction 
of bacteria associated with moderate trauma will ■ not produce infection. 
3. The production of urinary retention with subsequent relief of that 
retention is the single essential prerequisite to the production of cystitis. 
It may even be added that in man}"^ instances overdistention and release 
will be followed by cystitis in cases in which there is the strongest 
evidence that bacteria have not been introduced accidentally. 

It seems proper, therefore, to suggest that this same factor may be 
of importance in the development of infections of the upper urinary 
tract. This basis for infection of the bladder I have previously referred 
to as “The Doctrine of the Prepared Soil,” ® and it seems to me at least 
arguable that the same doctrine may be applicable to the bothersome 
question of the etiology of pyelitis. It involves the assumption that as an 
antecedent to such an infection some abnormal degree of renal or 
ureteral retention exists. If this doctrine is to be taken seriously, it 
must be shown to fit in with the facts of the disease as they are known. 
The outstanding fact is the greater frequency of pyelitis in women: 
therefore, the question arises whether or not conditions likely to pro- 
duce renal or ureteral retention are more common in women. There 
should be, I think, no great difficulty in agreeing that the conditions likely 
to produce renal retention are considerably more likely to be present in 
women than in men. Thus the conditions giving rise to visceral ptosis 
are notably more common in women, and such ptosis is likely to affect 

3. Cabot, Hugh: The Doctrine of the Prepared Soil, Canad. M. A, J. 11:610 
(Sept.) 1921. 
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from the upper part of the inner surface of the tibia. I'rom the 
patellar ligament a tongue is made with its base superior and turned 
upward and sutured to the quadriceps tendon and its extensions, thus 
forming a pocket into which the bone graft is intrciduced. It is placed 
with its periosteal surface anterior and its long axis transverse. The 
pocket is then closed with interrupted sutures (»f c.atgut. and the .skin is 
closed. The limb is theti immobilized in a jdaster of Paris cast which 
includes the pelvis. 

[En, Noth. — ^\V c question the necessity of replacing the patella after 
its excision. Restoration of the c<mtimiiiy of the (piadriceps tendon and 
patellar ligament is alone re(iuircd.] 

Correction of }>otty Jyeformity by Sl'liulcrhu/ of the Bone . — 
Kirschner gives a report of the experiettce of his clinic with the 
morcellation method of correcting bony deformities. P>y this method 
the bone over the entire extent <»f the deformity is cut up into small 

splinters with a chisel, the cutting beitig done in the longitudinal and 

oblique direction. As soon as correctirnt can be obtained the wound is 
closed and the limb fixed either by a plaster cast or by nail extension. 
Thus far the operation lias been employed in ninety*six cases, with 
satisfactory results. Kir.schner does not believe that the danger of fat 
embolism is great and has not seen any case in which dangerous symp- 
toms were noted. He considers the risk of infection no greater than 
with any other corrective operation and less than in those operations 
in which a fragment of bone is removed and replaced, 'fhe time 

required for union to form is no greater and in many cases is less 

than with simiile osteotomy. 

Fate of Bone ll'cdgc Implant. — In a case in which a wedge of bone 
had been implanted in the astragalus by Putti four years before to limit 
dorsal flexion of the foot, an astragalcctomy was performed, and 
Faldini was able to recover the specimen and to study the implant. 
While no new articular cartilage had been formed, the graft itself had 
become to all intents a part of the astragalus and had increased in size. 
The failure of the first operation was due either to too small size of the 
graft or to some other technical error, but was not the result of any 
defect in the general plan of the operation. 

Plastic Surgery of the Os Calcis. — Schmidt describes a method for 
the reconstruction of the os calcis after .the excision of that bone for 
neoplasm. A graft was taken from the crest of the ilium, including the 
anterior superior spine, and was transplanted into the defect, the anterior 
superior spine being made to serve as a substitute for the tuberosity. 

53. Kirschner, M.: Med. Klin. 22:1836, 1926. 

54. Faldini, G.: Chir. d. org. di movimento 10:357 (April) 1926. 

55. Schmidt, J. E. : Arch. f. Win. Chir. 14, no. 2, 1926. 
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the urinary tract, particularly on the right side. Conditions favoring 
renal retention are likely to occur in association with pregnanc)^ The 
view may also be accepted that in men conditions favoring renal reten- 
tion would be likely to occur less often than in women, but sufficiently 
often to form a basis for infection. The difficulty will come in applying 
this doctrine to the notoriously frequent occurrence of pyelitis in girls. 
The occurrence of the disease in girls has, of course, been the stumbling 
block in every attempt to explain pyelitis, and it must be confessed that 
at present there is no demonstrable basis for the assertion that renal 
retention is overwhelmingly more common in girls than in boys. On 
the other hand, it is true that there is relatively little evidence in regard 
to the less obvious conditions of the urinary tract in children as com- 
pared with adults. The advent of the cystoscope and ureter catheter 
has given a broadening knowledge of the upper urinar}-^ tract both in 
health and disease, but mechanical difficulties have delayed this investi- 
gation in children, and consequently knowledge of the condition of the 
upper urinary tract in children is not at all complete. Recent evi- 
dence has tended to show that in cases of pyelitis in children who do not 
recover within a reasonable period, there is generally some gross 
mechanical deformity. Thus in a recent publication, Richard Smith * 
demonstrated an interesting group of cases of chronic pyelitis in children 
associated with anomalies of development of varying degree or dilatation 
of the ureter and of the renal pelvis. It is not yet possible to speak 
with any assurance of the fundamental basis of these dilatations of the 
ureter which are found in chronic cases, since they may obviously be 
regarded as either a cause or an effect. It is conceivable that the dilata- 
tions which are thus found are the result of a chronic infiltration of the 
ureter and pelvis from an infection starting in a normal kidne3\ It is, 
however, probably true that relatively small degrees of ureteral abnor- 
mality would be sufficient to cause retention and start the train which 
leads to infection and, still further, to dilatation. 

4. Smith, Richard: Roentgen-Ray Examination in Diseases of Cliildreii, 
Am. J. Dis. Child. 28:678 (Dec.) 1924. 
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The achilles tendon was fastened to a periosteal flap from the graft. 
After ten months the bone was transfonned so as to resemble the shape 
of the heel. The functional result was excellent, the man working as 
a farm hand. 

Juxtacapifal Resection of the First’ Phalanx for Hammer Toe . — 
Bragard objects to the operations for the relief of hammer toe in 
which the proximal or distal end of the first phalanx is resected. He 
states that the experience at Lange's clinic has shown that incongruence 
of the joint surfaces results, leading to the development of a painful 
arthritis. He recommends as a better method the resection of a piece 
1 cm. long from the middle of the first phalanx. This eliminates the 
contracture of the joint by permitting elongation of the tendons. 

[Ed. Note. — Some of the editors have had a long experience with 
Goldthwait’s operation, in which the distal half of the proximal phalanx 
of the toe is resected. They have found it a simple and successful 
procedure. The bad results which Bragard criticizes would appear to 
have been due to the removal of too little bone. In the operation which 
he describes the necessit)' of securing bony union and of maintaining 
alinement seems to introduce an element of uncertainty which is entirely 
lacking in the operation of resection of the head.] 

FRACTURES 

Management of More Common Fractures. — Allen,®' discussing the 
management of the more common fractures, emphasizes the following 
points: 1. Fractures should receive the serious consideration of every 
surgeon who assumes the responsibility of handling them. The pitfalls 
are many, and the results are often disappointing. The sins of com- 
mission are frequently more dangerous than those of omission. 2, Take 
into account from the beginning the patient’s occupation and strive to 
restore him to the economic world. Do not get lost in the maze of 
treating the bone alone, but treat the jjatient. The functional result is 
more important than the anatomic. 3. Free the adjacent joints as 
early as possible. More dysfunction comes from stiff joints than from 
the broken bone itself. Active motion and function are the most 
important physiotherapeutic measures. 

Calcium and Phosphorus Metabolism in Fractures of Bone . — 
Ravdin aiul Jonas have attempted to evaluate the part played by 
calcium and phosphorus in normal and abnormal ossification. They 
have studied nineteen cases from this point of view. They have 
attempted to show that the absorption, excretion and utilization of 

5^1. K. : Ztsclir. f. orthop. Chir. 47:283. 1926. 

57. Allen, A. \V.: Boston M. & S. J. 193:299 (.Mig. 12) 1926. 

5"'. Kavdin. I. S.. and Jonas, L. : .\nn. Surg. 84:37 (July) 1926. 



PELVIC ABSCESS IN THE MALE 

SAMUEL. KLEINBERG, M.D. 

NEW YORK 

Retroperitoneal pelvic abscess in the male is apparently a rare and 
certainly a very unusual condition, A review of the literature shows 
that there are only eleven cases thus far recorded, my patient making a 
total of twelve. From a discussion of the subject with some of m)'’ 
colleagues I am inclined to think that pelvic abscess in the male occurs 
more frequently than we now believe but often passes undiagnosed. 
Cases terminating fatally and those recovering but in which the lesion 
was obscure are not reported. We are here not considering pelvic 
abscess complicating such diseases as appendicitis, cystitis, prostatitis, 
seminal vesiculitis and so forth, but only that which occurs as an isolated 
or metastatic retroperitoneal infection not related to an abdominal lesion. 
In most of the reported cases of pehdc abscess in the male there was 
great difficulty in establishing an exact diagnosis because of the indefi- 
niteness of the s}'mptoms. In some a spontaneous rupture of the 
abscess externally, or into the rectum, was the first objective evidence 
of the real nature of the disturbance. Yet there is a fairly constant 
group of S3Tnptoms which, -while not pathognomonic, is strongly sug- 
gestive of a pelvic infection. To this I will call attention later in this 
article. 

REPORT OF CASE 

A structural iron worker, aged 32, fell about 25 feet. He became unconscious 
and was immediately taken to a hospital. When he regained consciousness several 
hours later he complained of pain in the left groin. A diagnosis of fracture of 
the pelvis was made. Three days later he was transferred to the New York 
Hospital for Ruptured and Crippled and placed in my care. The man was at 
•this time in good condition. He complained of mild pain in the left groin and 
hip, and because of this discomfort he w'as unable to walk or lift the left leg 
from the bed. He had some minor injuries about the face and a fracture of the 
left pubic bone. The roentgenograms showed a fracture of the ascending and 
descending rami of the os pubis. There was no great amount of displacement of 
tlie fragments and only slight distortion of the pelvis. The rest of the physical 
examination was negative. There was no blood or pus in the urine, no difficulty 
witli either micturition or defecation and no sj-mptoms or signs referable to the 
abdomen, back or the extremities. A circular plaster-of-paris pelvic girdle was 
applied for support, and the patient was kept in bed. The patient was entirely 
comfortable, and we thought we were dealing with an ordinar 3 ’- case of fracture 
of the pelvis which usuallj- heals verj- kindlj". 

Three days later, that is, on the sixth day after his accident, the patient’s 
temperature suddenlj- rose to 104.5 ; he complained of feeling exceedinglj’’ miser- 
able, but did not have pain in any special region. An examination several hours 
onset of fever was negative. Particular attention was directed to the 
a domen, which was slightlj* distended, but was soft and not tender. Later in 
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calchini and phosphorus are not simple i)rol)lcms hut hij^hly tcchniea! 
ones. The mere addition o{ these substances to the diet in the routine 
case is probably useless. In certain cases deficient retention and fi.vation 
of calcium and phosphorus may result in nonunion, but this cannot be 
foretold from blood serum e.slimalions. 

Fixation of Bone Fraymenis by IV ire Sntnrc. — Pollidori reports 
a rather ingenious method of suturing fractured bojics with wire. Mis 
method is to drill through each fragment about 1 cm. from the fractured 
end, the drill holes being itarallcl. He then introduces a wire into the 
hole in one fragment on the side nearest to himself, carries it througli 
to the other side of that fragment, and then brings it back over the 
top of the fragments. He then introduces another wire l)y the same 
processes, except that in bringing it l)ack to carry it through the hole 
in the second fragment, it is brought hack on the under side of the 
fragment. In this way he has a cross-suture of wiring on two sides of 
the fragments, and when the}’ arc tightened, which he is careful to do 
simultaneously, he h.as an approximation of the fragments, sufliciently 
secure to hold them in good position unless there is cotisiderable tension 
on them from strong muscles. 

Fractures of the Surgical Neck ami Ffif>liyscal Sc/^arations of the 
Upper End of the Humerus. — Conwcll feels that fractures of the 
surgical neck and ci)i])hyscal scparatiojis at the upper end of the 
humerus, if accompanied by much displacement, constitute real but not 
insoluble problems. This type of injury presents great difliculty in 
reduction, a fact which is not sufliciently stressed in the literature. 
Reduction under an anesthetic with the aid of the fluoroscope should 
always be attempted before o])en reduction is resorted to. The patient 
should be treated in bed with traction; in the epiphyseal separations 
with the shoulder in the position of right angle abduction and 90 degrees 
external rotation; in fractures of the surgical neck with the shoulder 
at 45 degrees abduction and 90 degrees external rotation. .An abduction 
splint is used when the jjatient can be allowed to be up. If open reduc- 
tion is necessar)% foreign material should not be used for fixation ; proper 
reduction and continuous traction is all that is necessary. All splints 
should be removed as early as possible in favor of active and passive 
motion and various forms of physiotherapy. 

Pinning Fractured Ulnar Styloid Procc.Ks in Collet:" Fracture.— 
Hathaway advises pinning of the ulnar styloid in cases of Colies’ 
fracture, in which after reduction of the radial fracture,' the ulnar 
styloid still remains separated. An ordinary straight bayonet-shaped 

59. Pollidori, A.: Chir. d. org. di movimento 10:577 (July) 1926. 

60. Conwell, H. E.: J. Bone & Joint Surg. 8:508 (July) 1926 

61. Hathaway, F. J.: Brit. M. J. 2:59 (July 10) 1926. 
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the day the abdomen became markedly distended and generally tender, but there 
was no rigidity and no localization of any lesion. This was concurred in by a 
number of ph 3 ’^sicians called in consultation. An enema resulted in a large move- 
ment but the distention .was not relieved, and this in retrospect is significant. 
During the next four da 3 ^s the temperature receded to 100, but the patient looked 
and felt very sick. He had very painful tenesmus, and continued to suffer from 
marked abdominal distention and general tenderness, but he had no rigidity. His 
blood showed a moderate leukocytosis. Repeated examinations and consultations 
did not clarify the diagnosis. An infected pelvic hematoma was thought of but, 
on account of the fall in temperature, the diagnosis was uncertain. Moreover, 
there was no indication of pointing of an abscess, and had we been sure that 
there was pus, it would have b?en difficult to determine its exact location and 
where drainage should be established. 

An examination of the stool at this time, the fourth day of fever, showed 
some amebae. It could not be determined whether these were pathologic. But 
since this man some years previously while a sailor had bad an. attack of amebic 
dysentery, it was thought possible that he was having a relapse of this disease. 
Appropriate treatment with emetine was instituted but was ineffective. The 
symptoms at this time were very confusing to all in attendance. The patient had 
a low temperature, a moderate leukoc 3 rtosis with 80 per cent polymorphonuclears, 
abdominal distention, soreness and tenesmus. He continued to look and feel very 
sick. 

Four days later, that is, eight after the onset of fever and fourteen days after 
the accident, he suddenly passed a large quantity of pus in the stool. His tem- 
perature promptly dropped to normal and he immediately felt complete relief. 
The temperature has remained normal ever since, and the patient has improved 
steadily. The abdominal distention persisted for about a week. The pus con- 
tinued in the stool for about two weeks, but in diminishing amount. Several 
recent examinations showed no pus in the stool. The patient is now. May 15, 
1926, three months after the injury, walking about and apparently well. 

The appearance of the pus in the stool with- the simultaneous reces- 
sion of the fever and the immediate improvement in all the symptoms 
established the diagnosis. This man evidently had a pelvic retro-, 
peritoneal hematoma resulting from the fracture of the left pubic bone. 
The hematoma became infected and the abscess ultimately ruptured 
into the rectum. The subsequent course indicates that the abscess has 
entirely disappeared, and that the wound in the rectum is probably 
healed. How the hematoma became infected, that is, whether through 
the blood stream or by proximity to the intestines, is a matter for 
speculation. So far no evidence has been adduced in my case, nor in 
any of the others, to decide the exact process of bacterial invasion. . 

It is interesting, too, to speculate on the cause of the very marked, 
persistent and distressing abdominal distention which in my case and 
all the others appeared as a prominent symptom. It has been sug- 
gested that the distention is of nervous origin. I assume this means of 
sympathetic ner\'Ous origin. The lesion is, of course, so close to the 
lumbar and sacral sympathetic ganglions that it is very likely that these 
organs are irritated by the inflammation. Weight is added to this theory 
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needle is used for the pin. The author feels that pain and weakness 
persisting for months after a Colles’ fracture is often the result of a 
failure to secure approximation of a separated ulnar styloid process. 

[Ed. Note. — ^The editors believe that accurate reduction of the 
radial fragment automatically brings about approximation of the sepa- 
rated st^doid of the ulna in a Colies’ fracture. Separation of the ulnar 
fragment points to a failure to obtain reduction. Efforts should be con- 
centrated on correcting the radial deformity in order to obtain good 
results. Pinning the ulnar styloid may prove useful in certain compli- 
cated cases.] 

Bone Pegging Operations in Fractures of the Neck of the Femur . — 
Lexer,®- who claims to have been the first to employ a bone peg graft 
for the fixation of the fragments in a fracture of the neck of the femur, 
in a manner similar to that which was later described by Albee, states 
that he has largely given up this method because of the fracture and 
absorption of the graft. He has found it impossible to approximate the 
fragments so closely that the peg does not have to bridge over a gap. 
The nutrition of the graft is poor in any case, and especially in the 
central type of fracture, in which the head is devoid of blood supply. 
Unless exact adaptation is obtained, connective tissue grows into the 
gap and leads to the absorption of the graft. The conditions are similar 
to those in the pegging operation on the ankle joint — Lexer’s method. 
The frequent absorption in such cases, the author points out, is not 
caused by the synovia, but by connective tissue. In the ankle joint, the 
periosteum offers a considerable protection against this ingrowth, but 
in the neck of the femur the conditions are much less favorable. Lexer 
objects to the publication of results of bone pegging operations on the 
neck of the femur which do not give exact data on the site of the frac- 
ture. Lateral fractures of the neck of the femur may heal well with the 
peg. but they would heal equally well without it, if the fragments were 
brought into proper position. He considers that the operation is indi- 
cated only under the following conditions: (1) in lateral fractures 
when the adaptation of the fragments is unsatisfactory, but only after 
freshening of the surfaces of the fragments; (2) in cases of severe 
coxa vara. In such cases he advises an incomplete osteotomy of the 
neck, followed by possible abduction and internal rotation of the leg 
and fi.xation of the fragments with a bone peg. 

[Ed. Note. — Henderson has recently published figures which show 
successful results in 75 per cent of a series of cases of ununited fractures 
of the hip operated on by the bone pegging method. (See Thirty First 
Report of Progress in Orthopedic Surgery*®®). 

C'l. Lexer. E.: Deutsche tned. Wciinschr. 52:1115 (July 2) 1926. 

to. Wil'on, P. D., and others : Thirty-first Report of Progress in Orthopedic 
>'.:ri:ery, .-Xrch. Surg. 14:150 (Jan.) 1927. 
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Case 41. Recurrent osteogenic sarcoma of humerus; unsuccessful roentgen- 
ray treatnient; removal of tumor followed by amputation; patient died from lung 
metastases eighteen months later. 

O. B., a man, aged 40, in April, 1923, began to experience severe neuralgic 
pain in the region of the head of the right humerus; hot applications were applied 
without relief. One month later, he noticed a diffused swelling at the site of the 
pain area. In July, 1923, he was operated on at the Union Hospital but no micro- 
scopic examination was made. One month later a recurrence was noticed. "Physi- 
cal examination at the time of his admission to the Memorial Hospital showed a 
recent scar over the anterior aspect of the right shoulder. At each end of the 
scar was a fungating small mound of vascular tissue with slight serous oozing 
and crusting. Beneath the scar was a firm discoid mass, apparently lying on the 
surface of the head of the humerus and more or less adherent to it; there was no 
adenopathy. The provisional diagnosis was recurrent sarcoma of the head of the 
humerus. 

The roentgen-ray report of Dr. Herendeen, October 12, read: “Stereoscopic 
films of the shoulder reveal evidence of a destructive process involving the cortex 
of the anterior surface of the head and neck of the right humerus. The medullary 
portion of the bone is involved and only a slight amount of bone production is 
seen. The films lack the features of the usual type of periosteal osteogenic 
sarcoma or giant cell or central tumor. The appearance suggests a tumor having 
some of the properties of a chondrosarcoma, with its origin in the greater tuber- 
osity or at the junction of the head with the shaft, and destroying the cortex and 
involving the medullary cavity with invasion of the soft parts beyond the cortex. 
The film of the chest does not reveal evidence of metastases to the lungs.” 

The patient was treated with high voltage roentgen rays from the time of his 
admission until Jan. 9, 1924. The tumor increased rapidly in size during 
roentgen-ray treatment. In February, 1924, he was turned over to us for 
amputation. At this time, physical examination showed the wound badly infected; 
the tumor had extended beyond the pectoral muscle; the patient’s hemoglobin was 
low; while there was no evidence of lung metastasis, his general condition, and 
the extent of the tumor led us to regard the condition as inoperable. March 1, 
a large fungating tumor was removed by Dr. W. S. Stone, who used cautery and 
knife ; the base of the tumor was treated with paste. The microscopic report of 
Dr. James Ewing was: “There is large spindle and giant cell sarcoma tissue, 
much inflamed and edematous, covered with diphtheric membrane. The tissue is 
too much altered to offer an opinion as to the neurogenic origin. No definite 
osteochondrosarcoma can be made out.” 

April 24, 1924, Dr. Frank Adair operated, removing the right arm together 
with a portion of the scapula and clavicle. Following the operation, it was neces- 
sary to give the patient a blood transfusion. The microscopic report of Dr. James 
Ewing then was : “Sections show a large spindle and giant cell sarcoma. The 
cj’toplasm of spindle and giant cells is quite acidophil. The giant cells are of 
myeloid type, but with multiple multilobed nuclei. There is intertwining of fiber 
bundles. It is impossible to decide whether this is a periosteal osteogenic sarcoma 
or a myogenic sarcoma invading the bone; it is probably osteogenic.” 

Sept. 11, 1925, the patient was visited by the social service worker who 
reported him to be in very bad condition. The pulse was 132 ; he had difficult j 
in breathing, and he refused nourishment. Examination bj' his local physician 
revealed involvement of the mediastinum and both lungs : the cough was verj 
profuse. The patient died in the latter part of September, 1925. 
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luicrlrochanlcric I'racfutr of ihc Neck of I he Femur. — Under the 
title “An Epoch-MaUitij^ Case of Fractured Mip/’ Marble reports a 
ease of jnterlroclianteric fracture in a woman, aged 65, who also had 
severe diabetes and arteriosclerosis. She develoj)ed an infection and 
died seven weeks after the fracture. At autopsy the fracture was found 
solidly united, with a large atnounl of callus. It had always been recog- 
nized that such fractures tniitcd readily, hut it had been thought that a 
considerably longer period was required for healing than appeared in 
this case. Marble states that the result of this observation has been 
to shorten the period of fi.xation in similar cases from twelve weeks 
to six weeks. 

Operative Treatment of Fractures of the Shaft of the Femur . — 
Sherman ®’‘ discu.sses ojierative ver.sus nonoperative treatinent in frac- 
tures of the shaft of the fcnnir, lie believes that the objections to the 
plating operation arc based on faulty .surgical technic, imperfect asepsis 
and traumatism in hatidling tissues. 3Ie believes the operative jncthod 
should he employed whenever it is impossible to secure “a reasonable 
anatomic re.slitution which will give a functional result permitting the 
patient to re.sume his former employment without disability.” He 
employs an ctttircly instrumental technic which ittcludes the haitdlitig of 
sutures and ligatures. He emphasizes the importance of using machine 
screws, and some of the screws'should transfix both cortical layers to 
obtain maximum fixation. The postoperative fixation consists in the 
application of a Thomas sidint with Pierson knee attachment. Plaster is 
never used. Passive motion of the knee is started in three to four days, 
and thereafter active motion and ])hysiotherapy are employed. A 
Thomas caliper weight-hearing .splint is aj)plicd from seven and one-half 
to eight and one-half weeks after operation, and is worn for from 
two and one-half to three months. In his experience, the patients fre- 
quently return to light work in four to five months after injury, and 
resume their former occupation in six months. He never removes the 
bone plates except for cause. The technic described has been practiced 
for seventeen )'ears. In a series of seventy cases which he has followed, 
he has had only one death and that from embolism, no amputations, 
and no cases of nonunion. In two cases the plates had to he removed 
on account of infection, but both obtained excellent functional end- 
results. All patients have returned to their former positions without 
disability. No patient has ever claimed disability, and no compensation 
has been paid as a result of loss of function. The author quotes from 
the published end-results of other surgeons to show that traction methods 
give results much inferior to these. 


Marble, H. C; Boston M. & S. J. 195:549 (Sept. 9) 1926. 

. Sherman, W. 0.: J. Bone & Joint Surg. 8:494 (July) 1926 
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[Ed. Note. — Some of the editors have visited Sherman’s clinic and 
have seen many of his late results. The)' have never seen such uni- 
formly perfect results in a large group of fractures of the shaft of the 
femur as he has shown. In Sherman’s hands the method works well, 
but the fact should be emphasized that he has had an enormous experi- 
ence and has been constantly perfecting his technic. In inexperienced 
hands the operation will yield disastrous results, and no surgeon should 
attempt to perform it without acquiring the entire technic. As far as 
the editors are concerned, they prefer to employ skeletal traction and 
the Thomas splint and reserve the use of the bone plate for the excep- 
tional case. It is to be noted that Sherman advises against open operauion 
after the use of calipers because of the increased risk of infection.] 

Fracture of the Condyle of the Femur. — Bertocchi reports a case 
of fracture of one condyle of the femur. In his case the fracture was 
of the posterior and lateral part of the external condyle. It was' caused 
by violence transmitted from the foot when the knee was semiflexed. 
He explains that this is due to the fact that when the knee is semi- 
flexed the posterolateral part of the lateral condyle is the most directly 
in contact with the articular surface of the tibia, and also it is a part 
of the condyle which on account of its lamellar structure is susceptible 
to fracture. 

Avulsion Fracture of the Tuberositj; of the Fifth Metatarsal Bone . — 
Koch ““ calls attention to the necessity in any case of sprain of the ankle 
of looking for an avulsion fracture of the tuberosity of the fifth metatar- 
sal bone. This is not an infrequent injury and may occur from direct 
trauma, but much more frequently from a sudden incoordinate con- 
traction of the peroneus brevis muscle as in arresting a sudden inversion 
of the foot. The injury is particularly likely to occur when a sudden 
exertion of the foot is required when standing on tiptoe, as may happen 
in athletic games. Careful roentgen-ray examination should be made 
in such cases. Confusion with the epiphyseal line or the os vesalianum 
should be avoided. 

DISLOCATIONS 

Dorsal Dislocation of the Metacarpophalangeal Joints of the 
Fingers. — Reporting the cases of two patients whom he has operated 
on with good results, Proske®" describes the dorsal dislocation of the 
basal joints of the second to fifth fingers. He distinguishes three 
difterent types: first, incomplete dislocation, in which the accessory 
ligament is only stretched or partly torn; second, complete dislocation, 
in which the ligament is completely ruptured; third, complicated dislo- 
cation, in which the ligament is displaced over the metacarpal head. 

•■'K lUrtoccht. .\.i Chir. d. org. di movimento 10:429 (April) 1926. 

f<7. Prfxkc, R.: Beitr. z. klin. Chir. 86:528. 1926. 
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In the first two types reduclioti is possible by closed nianipulalioii, but 
in the complicated form reduction can be obtained only by opening the 
joint capsule. 

Dislocation of the Carpal Scinilttnar b"o«r.— Farr publishes the 
results in twenty-seven cases of dislocation of the carjial semilunar bone. 
He emphasizes the necessity of early diagnosis, which can be readily 
made by roentgen-ray examination. In the early cases closed reduction 
is nbt difficult and gives excellent results. The end-result of unreduced 
dislocation is a considerable stillness of the wrist, with weakness and 
pain over a long period. In young subjects a certain amount of this 
disability can be overcome, but a return to aiiything approaching normal 
cannot be expected. In jMonnards series of twenty cases immediate 
reduction gave the best results. There was a return of 90 jicr cent of 
motion and 85 per cent of power within nine weeks. Patients treated 
by open reduction gave the poorest results as regards function and 
power. Patients with late cases in which treatment consisted of excision 
showed about 56 per cent of motion and 57 ]>er ceiit of power after an 
average period of seventeen weeks. 

Compound Dislocation of the Ulna. — Corrigan and Corrigan 
report a case of anterior dislocation of the ulna com))licaling a frac- 
ture of the' lower third of the radius. The patient was injured as a 
result of backfiring while he was cranking his automobile. Tlie crank 
handle swung round in the reverse direction and struck his arm on the 
posterior radial aspect. The dislocation was easily reduced after enlarg- 
ing the opening downward. The triangular fibrocartilage was not 
sutured. A good functional result was obtained. The condition is 
rare, and there are few references to it in the literature. 


[Ed. Note. — ^\Ve have also seen this injury as a result of backfire 
injury, but the force was applied to the palmar surface of the hand 
in a dorsal direction; displacing the wrist and radius backward, away 
from the head of the ulna, the latter being caused to protrude through 
a wound on the anterior surface.] 

N(nv Method for Reducing Certain Anterior Dislocations of the 
Shoulder. — Newton describes a method for reduction of a sub- 
coracoid dislocation of the shoulder, successful after all other methods 
had failed. He divides the procedure into four maneuvers: 1. With 
the patient recumbent, the elbow of the affected side is grasped and 
lifted forward and upward until the arm is almost extended above the 
patients head. This relaxes the biceps, coracobrachial is and deltoid 
muscles. 2. Pressure is then applied to the elbow as in trying to make 


68. Farr, C. E.: Ann. Surg. 84:112 (July) 1926. 

69. Corrigan, S. H., and Corrigan. C. E.: Canad. M. A. J. (June) 1926, p. 689. 
/O. Newton, V.; Brit. M. J. 2:157 (July 24) 1926. 
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the head of the humerus touch the table. At the same time the operator’s 
fingers are spread out on the back of the patient’s shoulder, the thumb 
in front pressing the head of the humerus downward, helping it travel 
back under the muscles whence it came. By this maneuver the head 
travels into a subglenoid position. 3. The patient’s arm is now brought 
down parallel with the trunk. 4. With the operator’s clenched fist in 
the axilla to act as a fulcrum, the patient’s elbow is approximated to the 
side, when the head of the bone reenters the capsule, and will be felt and 
heard to slip into the glenoid. 


RESEARCH 

Growth Disturbance Following Resection of Joints. — Haas shows 
experimentally that a careful resection of the joint of the knee, in which 
the entire articular cartilage and a thin layer of adjoining bone is 
removed, will cause practically no disturbance of growth in length. It 
is important not to injure the epiphyseal cartilage plate and to refrain 
from passing fixation sutures through the actively growing columns of 
cartilage cells. It is advisable not to strip up the soft parts too near 
to the epiphyseal cartilage plate because of the chances of injuring its 
blood supply and thereby causing some cessation in growth. 

Autotransplantatwn and Homoiotransplantation of Cartilage and Bone 
in Rats. — In a series of experiments on autotransplantation and homoio- 
transplantation of bone and cartilage in rats, Loeb was able to demon- 
strate a definite correspondence between the degree of relationship 
between donor and host and the severity of the reactions against the 
transplant on the part of the host tissues, particularly as regards lympho- 
cytic infiltration and the invasion and replacement of transplanted fat 
tissues by fibrous tissues. With a greater genetic difference between 
host and transplant, there was in addition a necrosis of bone and of the 
bone-producing zone of proliferating cartilage cells. When the genetic 
difference is not great the regenerative function of the perichondrium is 
not interfered with ; when the difference is great, the regenerative func- 
tion of the perichondrium is inhibited, though not entirely prevented. 

Role of Bone Marrow in Regeneration of Bone. — In order to 
tlctcrmine the part played by the bone marrow in the regeneration of 
bone. Willich has performed a series of animal e.xperiments. A gap 
was made in the radius or ulna by the removal of a portion of bone 
with its periosteum. These defects were then filled with bone tissue of 
different sorts. From a study of the reparative processes the following 
conclusions were reached: The bone marrow’ is the most viable of 

"I. Ila.n?, S. L.: .\rcli. Siirg. 13:56 (July) 1926. 

72. Lofh. L. ; .Am. J. Path. 2:.il6 (July) 1926. 

Willich. C. T.: Bcitr. z. klin. Chir. 136:102, 1926. 
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bone tissues. It rapidly forms young bone, and within a year com- 
plete regeneration has taken place. Compact bone without periosteum 
is rapidly absorbed except for small remnants, whereas with the peri- 
osteum the absorption is somewhat delayed. Without marrow and 
endosteum the regeneration is slow and incomplete. According to these 
experiments, marrow and endosteum are the most important materials 
in bone transplantation. 

Transplantation of Bone into Joints.— linas,'* believing that there 
has been no convincing proof or satisfactory demonstration of the 
growth of bone outside the body, has performed some experiments in 
which he transplanted pieces of bone inclosed in rubber tubing into a 
joint. He found that bone fragments placed in perforated rubber tubing 
and inserted into a joint remained viable and were able to produce suf- 
ficient new bone to form a union between the fragmeJits. There was 
no evidence that the foreigii bodies caused any injur}' to the articular 
cartilage. In all the experiments the foreign bodies became adherent 
to the synovial membrane. 

Removal of Particulate flatter from Joint Cavities. — Key reports 
an experimental study of the mechani.sm by which waste material is 
removed from joint cavities. In the wear and tear of everyday use, bits 
of the cartilage or synovial surfaces are detached and set free in the 
synovial cavity. In order that joints may continue to function normally 
some mechanism for the removal of this waste material is necessary. 
The material used for injection was Higgins’ American India ink, a 
coarse colloidal solution of carbon. The experimental animals were 
adult rabbits. The injections were made in botli knee joints. The 
animals were killed at intervals of from 1 to 104 days after 
the injection. From his studies, Key concludes that the carbon 
was removed from the joint cavity by four different methods: 1. Some 
carbon passed directly through the synovial surfaces. 2. Some carbon 
particles entered the lining ceils of the joint. 3. Some was phagocytosed 
by leukocytes and macrophages and carried out into the subs)'novial 
tissues. 4, Fibrin clots containing carbon became adherent to the 
synovial membrane and were excluded from the joint cavity by a 
disappearance of the old synovia and ingrowth of new synovia across 
the free surface. An interesting observation was that some of the 
particles were carried into the interior of the bony substance by macro- 
phages within a few hours after injection. One wonders whether the 
same process may not also apply to invading bacteria. 

Haas, S. L. : Transplantation of Bone into Joints, Arch. Sure. 13:426 
(Sept.) 1926. 

75. Key, J, A.: J. Bone & Joint Surg. 8:666 (July) 1926. 
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Investigation of Strcj\gth of Certain Materials Used for Operative 
Fixation. — Lange has investigated the strength and elasticity of certain 
materials commonly used for autoplastic and alloplastic operations and 
has reached the following conclusions. The strength of the compact 
bone of the tibia is one-fourth less than that of beef bone. The strength 
of a tibial graft composed of cortex and spongy bone is three or four 
times less than that of beef bone. The absorption of a beef bone graft 
begins much later than that of a tibial graft, the latter reaching the 
maximum- of mechanical weakness about twelve or fourteen weeks after 
the operation. For use in the femur or humerus the beef bone graft 
seems superior to the tibial graft on account of its greater strength. 
As the tibial graft surpasses the beef bone graft, however, in its bone- 
forming power, the simultaneous use of both kinds of material may at 
times be desirable. Of the kinds of wire commonly used, Lange finds 
that iron wire has the greatest firmness, and the Krupp steel wire the 
greatest elasticity. Celluloid is about as strong as bone; repeated 
•Sterilization increases its strength, but decreases its elasticity. Silk 
has greater resistance than fascia. In general, alloplastic materials are 
shown to be stronger than autoplastic materials, and since there is no 
greater idsk attached to the use of one than the other, the former are 
to be preferred for purposes of operative fixation. The experience 
of the orthopedic clinic at Munich, where alloplastic materials have been 
used extensively, is cited to show that bad results from their use have 
not been encountered. 

[Ed. Note. — ^It should be pointed out that the factor of strength is 
onl}* one of many factors to be considered in selecting the fixative 
material to be used in an operation. It all depends on the requirements. 
We are sure that autoplastic materials meet the physiologic requirements 
better than alloplastic materials, and for this reason they should have 
the preference whenever possible.] 

Infcctivity of the Bursa in Hallux Valgus. — A few )'-ears ago 
A'ymer stated that in his opinion infection in wounds following opera- 
tions for hallux valgus was usually caused by organisms contained in 
the inflamed bursa. To establish the accuracy of this opinion Pick “ 
has made a bacteriologic investigation of- the contents of the bursa in 
a group of cases. The results were negative in all but three cases, in 
which the cultures showed the growth of a few cocci, in all jirobability 
the result of contamination. All the bursae which were examined 
showed marked evidence of inflammation, including redness, swelling 
and tenderness. He concludes that in general the contents of these 
bnr.-sae may be considered sterile. 

7o. Lanpe. if.: Ztschr. f. ortliop. Chir. 47:345. 1926. 

77. Pick, H. ; Zentralbl. f. ortliop. Chir. 54:70, 1927. 
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changes in- 'the bone taking place. Accordingly, an amputation was performed, 
November 25, at another hospital. The amputated leg was brought to the Memorial 
Hospital and a careful microscopic examination was made by Ewing, who reported 
as follows : 

“Just below the tibial tubercle is an ulcerated area 3 by 4 inches (7.6 by 10.1 
cm.) involving the tibia to a depth of 2 mm., but the bone is hyperemic to a depth 
of 5 mm. Vertical section of the leg shows the tibia to be the seat of a medullary 
tumor, involving irregularly the upper two thirds of the shaft. The marrow tissue 
is opaque, with minute foci of necrosis and much hyaline tissue. The shaft is 
irregularly thickened by a deposit of new bone from the periosteum, and several 
chalky bone spiculae run from the inner surface of the bone into the marrow. There 
is a fusiform tumor swelling involving the periosteum over the upper half of the 
tibia, the thickest portion of which is about 2 cm. Just below the joint surface 
of the inner tibia tuberosity, the shaft is perforated by soft tumor tissue which 
invades the muscle at this point. Sections from various portions show cellular 
tumor tissue composed of medium large polyhedral cells, surrounded by blood 
vessels or lying in columns in dense fibrous tissue. There are numerous areas of 
complete necrosis, of tumor tissue and bone trabeculae. At the head of the tibia, 
the tumor is more cellular. Many of the trabeculae of the cancellous tissue appear 
necrotic.” 

In June, 1925, four and one-half years after the beginning of treatment, or 
one and one-half years after the amputation, the patient was reported to be in 
good health, with no evidence of a recurrence. The patient died of metastases 
in the lung in November, 1925. 

The following case illustrates the extreme difficulty of making an 
early diagnosis in certain cases of sarcoma of the long bones : 

Case 43. — Endothelial myeloma of femur; amputation; toxins; well one year. 
A. M., a man, aged 30, was admitted to the New York Broad Street Hospital in 
August, 1924, where a clinical and roentgen-ray diagnosis of osteomyelitis was 
made. The report of the roengenologist stated: “There is evidence of cavitation 
in the central portion of the shaft of the right femur in its anterior surfaces, 
which is the result of osteomyelitis. The periosteal surfaces of the patella are 
irregular, and the periosteal surfaces of the femur at certain places show marked 
irregularity. The diagnosis points to a chronic osteomyelitis.” An exploratory 
operation was performed and a microscopic diagnosis of chronic osteomyelitis was 
made. 

The patient, still having trouble with the leg, was admitted to the Hospital 
for Ruptured and Crippled, Jan. 23, 1925, in Dr. Royal Whitman’s service. Vari- 
ous blood tests proved negative. Physical examination showed a long scar on 
the outer aspect of the lower third of the right thigh. On the outer surface 
beneath the scar, there was a certain resistance and some sensitiveness to pressure. 
Roentgen-ray examination showed at a point about the junction of the middle and 
lower third of the femur a cavity apparently containing dead bone. The area of 
disease was about inches (6.2 cm.) in length and occupied nearly the entire 
section of the bone at this point. The diagnosis was osteomyelitis. 

An exploratory operation was performed by Dr. Whitman, January 26, a 
6-inch (15.2 cm.) incision being made through the old scar. The diseased^ bone 
was immediately encountered. The interior cortex cavity was about 2j4 inches 
long and sharply defined. The cortex of the bone was removed; cheesy, half-coag- 
ulated, albuminous contents were removed. The interior was swabbed with tincture 
of iodine. A large muscular flap of the vastus externus was sewed into the 
cavity. The wound liealed promptly. Another Wassermann test proved negative. 
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lowing- the'operation, and a smaller one the next night; his pain seemed somewhat 
improved. , 

The patient was readmitted to the hospital, June 20. At this time he complained 
of a great deal of pain; there was a marked swelling about the incision, which 
was semifluctuant but not tender. There was a hard gland in the inguinal region 
about three-fourths by one-half inch (1.8 by 1.2 cm.). His general appearance 
was cachectic. 

Roentgen-ray examination, July 11, showed that proliferative bony change 
had taken place. There also was a very definite lifting and proliferation of the 
periosteum, particularly from the portion of the femur below the site of the 
disease. July 17, the patient was seen in consultation by one of us 
(W. B. C.) and a diagnosis of sarcoma was made. An immediate amputation 
was advised, but to this the patient would not consent. July 21, an exploratory 
operation was performed by one of us (B. L. C), which revealed a soft tumor 
that communicated with the anterior bone ; this was curetted under local anesthesia 
and submitted to Dr. Jeffries for microscopic examination; he reported sarcoma. 
The' microscopic report of Ewing was malignant tumor of the bone marrow, prob- 
ably endothelial myeloma. 

A pathologic fracture later occurred. In view of the large size and rapid 
growth of the tumor, an immediate amputation was again urged, and performed 
by one of us (B. L. C.), July 31. Prophylactic toxins were given after operation 
and the patient is well, July 30, 1926, one year later. 

CASES OF CENTRAL MALIGNANT SARCOMA.- 

Case 44. — Periosteal sarcoma of tibia with metastases in Img; metastases 
controlled by roentgen-ray treatment alone for nearly two years ; .Patient in hope- 
less condition in April, 1926. 

S. F., a woman, aged 41, was admitted to the Memorial Hospital in July, 1922. 
At the age of 14, or twenty-seven y^ars before, the -patient noticed a slightly 
diffused swelling of the right tibia accompanied by pain so severe as to cause her 
to limp. Three years later an operation was performed at St. Catherine’s Hospi- 
tal, Brooklyn (no microscopic examination). There was no sign of a recurrence 
until about five years before admission, or twenty years after the operation, when 
a persistent, sharp pain was felt at the site of the primary growth, followed 
shortly after by a swelling of the tibia, which steadily increased in size. In April, 
1922, a second operation was performed by Dr. E. A. Parker. 

The microscopic report was alveolar sarcoma, with the periosteum involved. 
This diagnosis was confirmed by Ewing, who pronounced it ah osteogenic sar- 
coma. According to Dr. Parker, the roentgen rays showed roughening of the 
periosteum. On operating, he found a large, soft, very vascular mass; the peri- 
osteum was roughened. July 19, he made another incision, finding no pus, and he 
regarded the mass then present to be a recurrence. 

Roentgen-ray treatment was given at the Memorial Hospital from July 24, 1922, 
to Jan. 5, 1923, nine exposures. February 6, Dr. R. E. Herendeen reported that 
the roentgen rays revealed evidence of sarcoma metastases in the lung, and that 
there was evidence of more production of bone seen in the plates of the head of 
the tibia. 

April 9, 1926, the patient had had a marked recrudescence of the metastatic 
tumors and was going down hill rapidlj'. 
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and the wound was closed. Shortly after the operation, the mixed toxins were 
begun by Dr. Lilienthal and the treatment was later carried out by Dr. I. Nadel 
under our direction. 

We examined the patient, June 23, and found her in excellent condition. It 
was necessary for her to go west shortly after and the toxin treatment . was 
resumed by Dr. Stanley Stillman of San Francisco, and kept up for nearly six 
months longer. Dr. Stillman sent us a series of roentgenograms taken in February, 
1923, .showing a perfectly normal condition. Her general and local condition has 
remained normal up to the present time, and there is no evidence whatever of a 
recurrence, now more than four years later. She was personally examined by 
one of us (W. B. C.) in May, 1926, and no evidence of disease could be found. 

The microscopic report of Dr. F. S. Mandlebaum of Mount Sinai Hospital, 
March 30, was: “Microscopic examination of tumor removed from tibia. shows 
an osteosarcoma, not the so-called giant cell sarcoma. The small specimen excised 
from ,the periosteum is free of tumor.” Dr. Ewing’s diagnosis was giant cell 
sarcoma. 

Case 46. — Central sarcoma of tibia; clinical and roentgen-ray diagnosis: giant 
cell sarcoma; microscopic diagnosis, telangiectatic sarcoma. ■ 

M. G., a woman, aged 35, with a negative family history and general health 
good, had a history of repeated local trauma. In May, 1920, the patient was 
injured in a taxicab collision; there was no definite local injury. In May, 1921, 
she fell, injuring her left knee, two months after which she noticed pain and 
swelling. In December, 1921, she was treated by baking and massage, and in the 
following March the leg was put in a plaster cast, which was worn for two 
months. 

The patient was admitted to the Memorial Hospital, June 13, 1922, at which 
time physical examination showed a large tumor of the lower end of the femur 
apparently of central origin. The roentgen-ray diagnosis was giant cell sarcoma. 
A large dose of radium in the form of a pack (6,249 millicurie hours at 6 cm. 
distance) W'as immediately applied and in addition she received a brief course of 
toxins (thirteen injections in three weeks). This was supplemented by four 
exposures of high voltage roentgen rays. May 30, 1924, when she was readmitted 
to the Memorial Hospital, physical examination showed the tumor to have markedly 
increased in size; there was evidence of a pathologic fracture; the patient had 
been unable to walk for the last eight months. June S, the leg was amputated. 

The pathologic report of Ewing was : “The tumor occupies the upper end of 
the tibia. It measures 14 cm. long by IS cm. wide by 15 cm. anteroposterior. It 
shows a bony capsule nearly complete enclosing the whole growth, but crackling 
in many places. The skin is everywhere intact. On gross section the tumor is 
found to be composed of a series of cystic cavities, 1 to 4 cm. wide, filled with 
blood clot and serous fluid, lined by necrotic tumor tissue in rather thin masses. 
Many of these masses contain bone. The gross appearance indicates necrosis of 
nearly the whole central mass of the tumor. The supposed growth has been due 
to progressive aneurysmal dilatation of the dilated sinuses. The joint surface is 
everywhere smooth but there are numerous small elevations projecting into the 
joint covered with synovial membrane and hyperemic bone tissue. The shaft 
of the bone ends sharply at the lower edge of tumor, but blood spaces extend 
2 cm. lower in the medullary cavity. The gross diagnosis is telangiectatic osteo- 
genic sarcoma. 

Considerable portions of the tumor are composed of giant cell structure in 
which the giant cells are rather small and few, and supporting cells rather large 
and hyperchromatic. This type of tissue lines many sinuses. About many sinuses 
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An exploratory operation was performed in the latter part of March; the 
tumor was found to involve the upper portion of the femur; a piece was removed 
for microscopic examination and pronounced perithelioma by Dr. Mandlebaum. 
After further study his final diagnosis was plasma cytoma, the tumor originating 
in the bone marrow and chiefly made up of plasma cells. He believed the tumor 
to be malignant and of bone marrow origin. 

A pathologic fracture occurred while the patient was in Mount Sinai Hospital, 
followed by complete loss of power in the left leg and partial loss in the right 
leg, pointing to probable involvement of the spine. The condition was therefore 
regarded as absolutely hopeless and the patient was referred to the House of 
Calvary (a home for incurable cancer patients) in the early part of July. The 
patient’s husband, who had been referred to us by Dr. Robert T. Morris, con- 
sulted us in the hope that something might be accomplished by the toxin treatment. 
After -obtaining a careful history from Drs. H. Neuhof and Douglas Quick, 
we gave an absolutely hopeless prognosis, and advised against bringing the patient 
to the hospital. However, on the urgent plea of the husband, we finally con- 
sented to examine the patient. She was then brought in an ambulance to the 
Memorial Hospital, in July, 1921. 

Physical examination on her admission . showed a tumor involving the upper 
half of the left femur ; the patient was greatl}’^ emaciated and unable to move the 
left leg; there were 'marked limitation of motion of the right and numbness in 
both legs. Examination of the upper third of the left femur showed marked 
bony enlargement with pathologic fracture; the leg was put up in a Buck's 
extension; the plaster cast was removed. Roentgen-ray examination showed a 
tumor involving the upper third of the femur, about 7 inches (17.7 cm.) in length, 
with a pathologic fracture in the center. The tumor apparently was of central 
origin, although so much of the bone was destroyed that it was impossible to tell 
whether the tumor was of periosteal or central origin. The roentgenogram taken 
on her admission showed that marked increase in the destructive process had 
taken place since the previous picture taken in March ; no picture was taken of the 
spine. 

We still felt that the condition was hopeless and so told her husband; but as 
the patient had come such a long distance it did not seem right to send her home 
without any treatment, and so the toxins were started in small doses, which were 
gradually increased up to the point of producing severe reactions. Marked 
improvement was noted at the . end of two weeks. A roentgenogram taken at 
the end of the month showed local improvement and no further extension of the 
disease; there was beginning regeneration of the bone. In the middle of September, 
1921, one radium pack treatment was given in addition to the toxins. Union at 
this time was sufficiently firm to justify removal of Buck’s extension, and tlie leg 
was put up in plaster-of-paris. By the latter part of November, union was so 
firm that a Thomas splint was ordered; the patient was then able to get about in 
a wheel chair ; she had gained 20 pounds (9 Kg.) in weight. Roentgen-ray 
examination, Jan. 19, 1922, showed well marked regeneration of the bone with firm 
union. The patient graduallj' recovered the use of her legs and by March, 1922, 
she was able to walk with the aid of crutches. The toxins were kept up for 
nearly a year. She was shown before the New York Surgical Society in March, 
1923. The microscopic report of Ewing was endothelioma myeloma. 

In the fall of 1923 there was evidence of renewed activity of the disease: the 
patient refused to take further treatment; metastases developed, and she died in 
December. 1923. In this case we believe that if the patient could have been kept 
under treatment much longer, instead of stopping at the end of si.x months, 
tl’.e result might have been different. 
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Case 42. — Endothelioma of tibia; partial control of disease under radiation; 
later evidence of further progress; amputation; patient well one and one-half 
years later. (Patient of Dr. James Ewing.) 

A. V., a boj', aged 17 years, had a negative family historj' and had suffered 
no trauma. During the year 1919, he felt intermittent aches and pains, which 
became more intense and were followed a couple of months later by a swelling of 
the tibia in the region of the upper third ; there was no ulceration or redness. In 
November, 1920, an exploratory operation was performed for supposed osteomye- 
litis. The patient was admitted to the Memorial Hospital, Dec. 8, 1920. The 
roentgen-ray report of Dr. R. E. Herendeen stated: “Evidence of considerable 
proliferation in the periosteum of the upper end of the tibia is observed. There 
is no evidence of active bone destruction present. The medullary canal here is 
somewhat expanded.” 



Fig. 63 (case 142 in table 7). — ^Telangiectasia of humerus; treated with 
roentgen rays ; amputation ; no toxins ; patient well two years later. 

The microscopic report of Dr. Ewing on sections from the exploratorj’^ operation 
in November, 1920, stated: “This is a diffuse cellular tumor composed of small 
polyhedral cells without stroma. The cells show clear cell bodies, but material is 
crushed except in one portion. On this the diagnosis of diffuse endothelioma is 
based.” 

The patient was treated with radium in the form of a pack applied at 6 cm. 
distance; from Dec. 9, 1920, to May 16, 1923, he received a total of 91,191 milli- 
curie hours. Definite improvement in the local condition followed radiation. 
Nov, 8, 1923, a biopsy was performed by Drs. W. S. Stone and Douglas Quick. The 
microscopic report by Ewing was endothelioma, with perithelial growth in dense 
scar tissue. 

In November, 1923, the growth showed evidence of renewed activity; the 
patient complained of increasing pain and the roentgen rays showed probable 
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From Oct. 23, 1923, to MAy 12, 1924, the patient received nine exposures of 
low voltage roentgen rays. In addition the radium pack was applied, 10,000 
millicurie hours at 10 cm. distance over three different areas, Feb. 3, 1924, making 
a total of 30,000 millicurie hours; April 15, he received 37,000 millicurie hours at 
10 cm. distance and, April 21, he received 5,000 millicurie hours over two different 
areas (total 10,000 millicurie hours), making a grand total of 77,003 millicurie 
hours. 

The patient did well until February, 1924, when the swelling of the ankle 
showed marked increase in size and there was evidence of enlargement of the 
inguinal glands. Pain soon developed throughout the entire body, and roentgen- 
ray examination in May, 1924, showed evidence of general raetastases. The 
patient died May 14, 1924. - A necropsy was performed, revealing very extensive 
metastases in nearly every bone and organ. 

Case 50. — Osteogenic sarcoma of femur; treated with high voltage roentgen 
rays zvithout control of disease; rapid progress of disease. 

P. G., a girl, aged 14}4 years, with a negative family history, had no history 
of trauma. In September, 1924, she first felt pain in the lower end of the left 
thigh ; this was not severe at first, but about two months later it became more so, 
causing the patient to limp. She was soon confined to bed and was treated with 
local applications. A physician was then consulted, who called Dr. L. T. LeWald 
in consultation; the latter made a diagnosis of osteogenic sarcoma. She was 
treated with high voltage roentgen rays, two exposures one hour each over the 
tumor, and one treatment over the chest anteriorly. The pain became so intense 
as to keep her awake nights. Jan. 21, 1925, she was admitted to the Memorial 
Hospital, at which time physical examination showed a large, fusiform swelling 
of the lower fourth of the left thigh, fixed to and apparently arising from the 
femur; it was extremely tender to touch. The left leg could not be fully 
extended. There also was an enlargement of the head of the left tibia. Roentgen- 
ray examination by Dr. R. E. Herendeen showed an osteogenic sarcoma of the 
distal third of the left femur, with no evidence of metastases in the lungs. 

February 11, a ligation of the femoral artery was done by Dr. F. E. Adair. 

Roentgen-ray examination, February 28, showed evidence of considerable 
increase in the size of the tumor of the knee when compared with previous films : 
there was no definite evidence of lung metastases. The patient was treated with 
high voltage roentgen rays to the chest and femur for a- period ranging from 
January 26 to June 3, 1925. Roentgen-ray examination. May 18, revealed evidence 
of considerable increase in ossification of the tumor, which appeared to be very 
definitely encapsulated. The roentgenogram of the chest revealed evidence of 
large metastatic tumors. She grew worse rapidly and died, July 4, 1925. 

Ill order to show the striking results obtained in inoperable malig- 
nant sarcoma of other bones, we have included the following three 
cases (cases 51, 52 and 53) but they are not strictly speaking long bone 
cases. 

Case 51. — Osteogenic sarcoma of first rib; clinical and roentgen-ray diagnoAs; 
radium and toxin treatment, patient well eight years later. 

H. M., a girl, aged 15 years, was referred to us by Dr. John H. Gibbon of 
Philadelphia in March, 1917. One year before the patient had what was 
supposedly an attack of influenza; following this she was subject to 
a recurrence of pain in the left shoulder. In November, 1916, she had a neuritis- 
like pain in the left shoulder which lasted for about one week. In the latter part of 
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The microscopic report of Dr. F. M. Jeffries was chronic osteitis, witli no evi- 
dence of neoplasm. 

April 11, 1925, the patient had had little pain since lie had been in the hospital. 
The pain was not referred to the point of the osteonij’elitis but to the sole of the 
foot; no rise in temperature had been observed, April 18, 1925, the patient was 
readmitted to the Hospital for Ruptured and Crippled, complaining of local pain; 
there was a swelling and fluctuation beneath the old incision. 



Fig. 64 (case 155 in table 7). — Clinical and roentgen-ray diagnosis: giant 
cell tumor of tibia ; microscopic diagnosis : central sarcoma, probably malignant. 
Amputation was followed by toxins. The patient was well one year later. 

A third exploratory operation was performed by Dr. Whitman, April 20; an 
incision was made through the former scar; no pus was encountered. The muscles 
were separated, and from the interior of the bone a large quantity of grumous 
material flowed out under a state of some tension. The wound was packed 
with iodized gauze. The patient had a considerable hemorrhage on the night fol- 
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destructive process of the eighth rib, which is less dense than in previous films. 
This - skiagraph also shows evidence of reproduction of the vertebral end of the 
rib. There appears to be some involvement of the seventh and ninth ribs; this 
involvemteht was also observed in the previous films, but not as clearly as in 
this skiagraph. The diagnosis is sarcoma of the eighth rib, which shows definite 
bone production.” 

There was no evidence of lutig involvement. The patient had been receiv- 
ing roentgen-ray therapy at the Jewish Hospital. She was referred to us by 
Dr. Cook, Dec. 4, 1922. We advised supplementing the roentgen, rays with injec- 
tions of the mixed toxins of erysipelas and Bacillns prodigtosus. These injections 
were begun at once and continued at home by Dr. Cook under our direction 
until November, 1923, or for nearly one year. A roentgenogram taken in July. 
1925, showed the disease to be apparently under complete control. The patient’s 
general health was excellent. She was well in April, 1926, after nearly four years. 

Case 53. — Periosteal sarcoma of the mastoid; treated with toxitjs and roentgen 
rays; patient well ten years later. 

G. P,, a boj', aged 14 years, was referred to us by Dr. F. B. Lund of Boston, 
Aug. 14, 1916. A tumor just behind the ear had been excised by the local physician 
in December, 1915; the clinical diagnosis was a wen; the microscopic diagnosis, a 
rapidly growing sarcoma with numerous mitotic figures. A slight recurrence took 
place early in January, 1916. The patient was seen by Dr. H, A. Kelly, who 
believed the growth could be controlled by radium. Two radium treatments were 
given by Dr, Kelly, The disease again rapidly recurred and in February, Dr. Lund 
excised the growth, removing the outer table of the skull.- The recurrence had 
taken place in the scar of the former operation; the growth apparently originated 
in the periosteum. Another recurrence took place some time later and, June 1, 
a third operation was performed by Dr. Lund, who opened some mastoid cells. 
This growth was in front of the one formerly removed and was located nearer 
the ear. “In cutting beneath it some of the cells were spilled.” The growth 
appeared encapsulated, but was very soft and jelly-like. The disease again 
recurred, this time nearer the ear, and a fourth operation was performed by 
Dr. Lund, who opened up the mastoid cells extensively and went into tlie mastoid 
antrum. 

Shortly after the operation. Dr. Lund started the patient on mixed toxins, begin- 
ning with one-half minim once a week and gradually increasing the dose up to 
5 minims, without obtaining a reaction. August 14, the patient was referred to 
us for further toxin treatment; he remained at the hospital for about two months, 
during which time he received twenty injections, the dose 'being increased to the 
point of producing a reaction temperature of 103 F. During the early part of his 
stay he was given two or three roentgen-ray treatments over the mastoid region. 

Physical examination at the tim? of his entrance to the Memorial Hospital 
showed in the center of the cicatr^^y just behind the mastoid region an area about 
an inch in diameter which was bflieved to be a recurrence. The toxins were 
kept up for nearly a year by thjf patient’s home physician, the patient coming 
down and reporting to us for examination and direction at frequent intervals. 
He is in excellent condition at the present time, ten years later. 

In this case the microscopic djagnosis of Dr. E. B. Mallory was periosteal sar- 
coma : of Dr. James Ewing, periosteal osteogenic sarcoma. 
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Case 45 . — Sarcoma of tibia, central, malignant, osteogenic; exploratory opera- 
tion followed by prolonged toxin treatment; limb saved; patient well four years 
later. 

A. L., a woman, aged 22, was referred to us by Dr. Howard Lilienthal of 
New York in June, 1922. The patient had consulted Dr. Lilienthal in March, 
1922, at which time she had a swelling of the left tibia just above the ankle; 



Fig. 65 (case 155 in table 7). — ^Two }'ears later than figure 64. 


there was no pain and only slight lameness; there was no history of trauma. 
Roentgen-ray examination showed a tumor of central origin with considerable 
expansion of the lower end of the tibia ; the bony shell apparently was not broken 
through. From the roentgenogram it was believed to be a giant cell tiunor. 

An exploratorj' operation was performed by Dr. Lilienthal in March, 1922, 
revealing a central tumor, about 3 inches (7.6 cm.) in length, with marked expan- 
sion of the bone. After curettage a transplant of fat was inserted in the cavit>'. 



bVEP^GROWTH OF THE LONG BONES OF THE 
LOWER EXTREMITY 

REPORT OF THREE CASES * 

MAXy/ELL HARBIN, M.D. 

CLEVELAND 

Overgrowth of the long bones resulting in asymmetry is an .old 
observation. Since the roentgen ray has come into general use there 
have been a greater number of case reports with more accurate obser- 
vations than formerly. The roentgen ray has been the means, further- 
more, of conducting experimentation in an effort to explain the etiologic 
factors. 

The purpose of this article is to describe three cases of overgrowth 
of the lower extremity, with a distinctly different etiologic factor in 
each case. All represent an involvement of the tibia in children between 
the ages of 12 and 14 years. 

FACTORS THAT INFLUENCE THE GROWTH OF NORMAL BONE 

Normal growth of bone varies with the physiologic demand of the 
organism for it. Nature seems to provide some mechanism whereby a 
constant symmetrical progression takes place. Osteoblastic cells located 
on the proximal portion of the epiphysial line have the quality of pro- 
liferation in a linear fashion, resulting in growth in the long axis, while 
the periosteal cells contribute to enlargement in a transverse diameter. 

It seems that the activity of the osteogenic cells may depend on a 
chemical stimulus which exerts its effect on the epiphyses. The relation- 
ship, however, of blood supply is perhaps of greatest importance and 
its variation serves to explain certain abnormal changes in growth. The 
experimental studies of Haas ^ have demonstrated the importance of the 
integrity of the vascular supply to normal longitudinal growth. 

FACTORS THAT PRODUCE ABNORMAL GROWTH OF BONE 

Various diseases of the bone such as rickets, osteomalacia, osteitis 
deformans and syphilis, chronic or acute illness, chronic infections 
localized in or about the metaphyseal portion of the long bones, the 
action of various glands of internal secretion, trauma and the influences 
of the nervous system may alter the growth of bones. Perhaps one 
of the most common types of overg^rowth of a single extremity and 
sometimes of a single bone is that which occurs in adolescents who have 

* From the Department of Surgery of the Lakeside Hospital and the Western 
Reserve University School of Medicine. 

1. Haas, S. L. : The Relation of Blood Supply to Longitudinal Growth of 
Bone, .-\m. J. Orth. Surg. 15:157 (March) 1917. 
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TO be the result of stimulation of the epiphyses by the syphilitic osteo- 
periostitis; being.analogops to the increase in length of the shaft in other 
diseases that occur' during the period of growth. 

Case 2. A white American .boy, aged 13 years, was admitted to the hospital 
in August, 1925, wdth the complaint of awkw'ardness and lack of sex development. 
During the previous three j’ears he had failed in his school work; prior to this 
be had been quite apt and had made his grades. Two. years before admission, he 
fell a distance of 30 feet, and sustained a compound fracture of the left forearm. 
He was treated at the Cleveland City Hospital, where the histor}^ of scaling of 



Fig. 1 (case 1). — Right tibia and fibula showing operative defect in tibia. 


the palms and soles was obtained; the blood examination showed a four plus 
Wassermann reaction. The fractured radius and ulnar healed satisfactorily 
within six weeks, after which he was given antisyphilitic treatment regularl}' over 
a period of six months. The past history was unimportant, while the family 
history revealed that the parents were syphilitic. 

The results of the physical examination were unimportant e.xcept for the 
observation of a few scattered, enlarged lymph glands in the posterior cervical 
region and a convergent strabismus of the right eye. The right lower leg showed 
some anterior thickening over the tibia. The right tibia measured, from the 
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a window shade, the patient fell, striking her hip on the sharp' edge of a piece of 
furniture. In the winter of 1921, she noticed numbness in both feet and began 
to limp, being obliged to use a cane ; she was treated for rheumatism. The condi- 
tion grew worse during the winter of 1920; in January, 1921, she was treated at 
the New York Neurological Institute; no roentgenograms were taken Later 
she went to the New York Hospital for Deformities and Joint Diseases, where 



Fig, 67 (case 156 in table 7). — Periosteal sarcoma of tibia with metastases in 
lungs, showing remarkable control of primary and secondary growth by roentgen- 
ray treatment, April, 1926, disease steadily progressing and condition hopeless. 

a roentgenogram was taken and a diagnosis of tumor of the femur was made. 
She went to the Memorial Hospital in Februarj', but her condition was regarded 
as hopeless and no treatment was advised. In March, 1921, she was referred to 
Mount Sinai Hospital and was placed under the care of Drs. Howard Lilienthal 
and H. Neuhof. 
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Physical iCxamination showed a girl of definitely retarded mentality. The 
eyes precetiteU an:internal strabismus ; the teeth were soft and the incisors showed 
notching. chest was asymmetrical, with prominence of the sternum of the 
pigeon breast ' type .^d , a left- dorsal right lumbar scoliosis with rotation. The 
heart and abdomen WCTe normal. 

The lower part of the left leg (figs. 3 and 4) appeared much larger than the 
right, with a marked redundancy of the subcutaneous tissues extending from the 
knee to the toes. The subcutaneous tissue was soft and flabby and seemed to be 
differentiated from the muscle planes ; the skin was thrown into folds along the 
outer border of the foot. There was definite increase in the size and number of 
the veins over the inner aspect of the lower part of the left leg. An irregular, 
brownish, nonelevated area of pigmentation extended from the groin to the 
internal aspect of the ankle. Motor function of all the muscles of the lower part 



Fig. 3 (case 3). — Elephantoid enlargement of the lower part of the left leg, 
with tilting of pelvis. 

of the leg was markedly diminished, with anterior bowing in the lower third of 
the tibia. The pulsation of the left dorsalis pedis artery was equal in force and 
volume to that of the right. The reflexes and sensation were normal. 

The measurement of the left tibia from the internal joint space to the mal- 
leolus was 3.5 cm. greater than the right. The thighs were equal in size. The 
circumference of the right knee was 29 cm. ; the left knee, 29 cm. ; the left calf, 
27 cm. ; the right calf, 25 cm. ; the right ankle, 20 cm. ; the left ankle, 28 cm. ; the 
left foot at the scaphoid, 21 cm., and the right foot at the scaphoid, 19.5 cm. 

The blood Wassermann reaction was negative on Uvo examinations. The 
hemoglobin content was 90 (Tallqvist) ; the white blood cells totaled 8,400. The 
urine was normal. 

The roentgenograms (fig. 5) gave evidence of the increased lengthening of the 
left tibia and thickening of the anterior cortex similar to that seen in s}'phih's- 
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While the following is not strictly speaking a long bone case, in 
view of the recent interest displayed in this type of case we have thought 
it worthy of brief mention here : 

Case 49. — Endothelioma or endothelial myeloma- of the os calcis. 

C. T., a boy, aged 9 years, was admitted to the Memorial Hospital under the 
care of Dr. James Ewing, Oct. 3, 1923. In October,' 1922, the patient felt a^severe 
pain in the left heel which lasted for three days and then disappeared. Three 
months later it returned and again disappeared. In March, 1923, he had another 
attack of pain in the same locality immediately followed by the appearance of 



Fig. 68. — Osteomyelitis following trauma closely simulating sarcoma. 


a diffuse swelling. In September, 1923, he was operated on by Dr. J. F. Thompson 
of Galveston, Texas, who removed the entire tumor which was found to involve 
a portion of the os calcis. A section was sent to Dr. Ewing for microscoic 
examination, and he pronounced it an endothelial myeloma. Roentgen-ray exam- 
ination at the time of the patient’s entrance to the Memorial Hospital showed an 
osteomyelitis with no new bone formation. Roentgenograms of the chest were 
negative. 

24. This patient was under the care of Dr. James Ewing and we are indebted to 
him for the history and illustrations. The case is of unusual interest because 
it showed the most widespread generalization that we have ever observed. 
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foregoing except^- that .-the tumor tissue lay entirely below the fascial 
plane, with definit^; encapsulation. 

This dist.u^^g,n|ey‘^altto commonly spoken of as a congenital 
hypertrophy, '"cau -'haT<iij^*‘ be such since none of the cases show an 
increased growth of ix^rmal tissue alone, which is seen in the rather 
more commQU hemih\'pertrophies, a number of which have been 
reported. . ' 

Jordan has distinguished two types of enlargement, or elephantiasis : 
a diffuse neurofibromatosis involving in one type the nerves; in the 
other, the cutaneous structures and muscle tissue. He believes that the 
blood A^essels give origin to the new tissue. My case would perhaps 
fall within the latter classification. 



Fig. 5 (case 3). — Subcutaneous tissue; the fibrosis and numerous small 
lymph channels should be noted. 


Telford’s ^ case, although one of hemihypertrophy, presented 
several features in common with this one, viz., nevus, enlarged veins 
and overgrowth of subcutaneous tissue. He states that the association 
of localized hypertrophy with nevus and varices, though rare, appears 
to form a definite clinical entity. The disease when fully developed 
presents three features, of which the nevus is congenital but more 
apparent as growth develops, while the varices appear later, and in 
some instances of the disease are small or entirely lacking. 

The limitation of these factors, viz., hypertrophy, nevus and Avarices, 
to one extremity is uncommon while unilateral inA'^olvement Avas recog- 
nized as early as 1858 by J. Adams, AA'^ho reported a case in the Lancet 
of that year. The first important reference is the research of Trelat 

5. Telford. E. D. ; Hemihypertrophy of the Body with Xevus and Varicose 
\*eins. Lancet 2:1291. 1912. 
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February, 1917, she had a similar attack of pain in the same shoulder, i extending 
over the pectoral muscles and around the clavicle and scapula; there was no 
fever. One week later, there was diminished resonance at the base of the left 
lung; this was thought to be a pleurai effusion; there did not seem to be any 
acute pleurisy. On the following day, the temperature rose to 100 F. and there 
was a distinct effusion at the base of the left lung. This cleared up in a few 
days and the patient was taken to Br 3 rn Mawr Hospital for a roentgenogram 
of the chest. 

Roentgen-ray examination showed in front of the apex of the left lung 
extending outward, from the vertebral column, a distinct tumor shadow which 
was nonpulsating and involved the first rib. There was a slight vocal fremitus 
increase at the apex of the lung. 

The patient consulted Dr. Gibbon, who made a diagnosis of inoperable sarcoma 
of the first rib; this diagnosis was confirmed by Drs. James Alexander Miller 
and Douglas Quick of New York, who also examined the patient. She was 
admitted to the Memorial Hospital, March 26, at which time, physical examina- 
tion showed a tumor of the first rib about 3 inches (7.6 cm.) in diameter. 
Roentgen-ray examination by Dr. Quick showed “a rarefaction and destruction 
of the posterior half of the first rib on the left side. Associated with and 
apparently attached to this was a tumor mass which filled up the left apex and 
extended a half inch below the level of the clavicle anteriorly. This mass was 
encapsulated below ; the clavicle was normal throughout ; the glands were 
enlarged; there were rales in both lungs. The roentgen-ray diagnosis was peri- 
osteal sarcoma of the first rib of the left side with an attached tumor of (he 
left apex and metastases in the lung roots,” 

From March, 1917, to March, 1918, she received a total of 17,680 millicitrie 
hours of radium. The mixed toxins were begun, April 1, dose of one-fourth 
minim, and steadib' increased during the next two months up to 8 minims; this 
dose produced a chill and temperature of 103 F. The injections were kept up 
at home for nearly a year. The patient made a complete recovery, and is well 
at the present time, with no evidence of a recurrence, more than eight years later. 
Roentgenograms of the chest were taken every year for a number of years; the 
last one, taken in 1926, showed that the tumor had almost entirely disappeared. 
The patient is in good health in July, 1926, nine years’ later. 

Case 52. — Sarcoma of seventh and eighth ribs; disease controlled by roentgen 
ray and toxins. 

Mrs. J. D. F., a woman, aged 28, with a negative family history, fell down- 
stairs in 1908; no pain followed. Since 1915 she felt pain in tlie right side of 
the chest; there was never anything palpable externally. In 1919 she consulted 
Dr. Jerome B. Cook of St. Louis, who had a fluoroscopic examination made; this 
proved negative. In May, 1922, she felt pain just below the right breast, radiat- 
ing through to the back ; this was worse at night. Dr. Cook had some roentgen- 
ograms made which showed a tumor about 3 inches (7.6 cm.) in diameter, 
involving the seventh and eighth ribs, chiefly the latter, situated about 2 inches 
(5 cm.) from the median line. There was apparently a pathologic fracture. 

An exploratory operation was performed by Dr. Cook in June, 1922. A 
piece of tissue was removed and pronounced, by Dr. S. E. Newman, a round 
and spindle cell sarcoma. This microscopic diagnosis was confirmed by 
Dr. James Ewing. 

A roentgen-ray examination was made by Dr. P. S. Schnoebelen of the Jewish 
Hospital of St. Louis, October 10; his report was: “This skiagraph shows a 
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CONGENITAL CONDITIONS 

Treatment of Old Congenital Dislocation of Hip. — Abbott ^ observes 
that owing to the marked pathologic changes that have taken place in the 
joint in old congenital dislocation of the hip, reduction by the usual 
methods is difficult. Skeletal traction is effective in stretching the con- 
tracture of soft parts and bringing the head to the level of the acetabu- 
lum. Reduction can then be secured by operation. In a series of five 
successful reductions, the functional result, j.udged from the standpoint 
of stability, increased length of limb and improvement in gait, was best 
in the cases in which bony ankylosis in good position for weight- 
bearing resulted. 

Congenital Dislocation of the Hip: A Method of Determining the 
Degree of Antetorsion of the Femoral Neck. — Stewart and Karshner ® 
suggest that the degree of antetorsion of the neck of the femur can be 
measured by a means of the fluoroscope and goniometer. The child is 
placed face down, flat, on the fluoroscopic table. The angle of outward 
rotation which is necessary to bring the shadow of the neck into aline- 
ment with the shadow of the shaft is measured. This angle is subtracted 
from 90 degrees, giving an angle which represents the antetorsion of the 
neck of the femur. 

Congenital Dislocation of Hip. — Putti,® before the Clinical Congress 
of Surgeons, reported from his records that up to the year 1924, in 
1,879 cases, with a total of 2,556 dislocations, heredity seems to play a 
part in 1 3 per cent, with a familial factor in 10 per cent. Of these cases, 

* This Report of Progress is based on a review of 230 articles selected from 
595 titles dealing with orthopedic surgery appearing in medical literature between 
March 13 and Julj* 24, 1926. Onlj' the articles that seem to represent progress 
have been selected for note and comment. 

1. Abbott, L. C: Arch. Surg. 12:983 (May) 1926. 

2. Stewart, S. F., and Karshner, R. G.: Am. J. Roentgenol, 15:258 (March) 
1926. 

3. Putti, V*.: Surg. Gynec. Obst. 42:449 (April) 1926. 
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Case 54. — Endothelial myeloma of clavielc with metastascs in cervical stinc; 
recovery under radium treatment alone; patient well four years; died in'.Uunc, 
1925 (cause of death not definitely known, possibly due to metastascs) ; (case 196, 
Bone Sarcoma Registry, and case 5, Conner [Endothelial Myeloma, Ezving, Arch. 
Surg. 12:289, 1926]). ' 

M. K., a woman, aged 30, with a negative family historj', had no historj' of 
antecedent trauma. In Jul}', 1920, she had a “stiff neck”; this was followed 
shortly after by a swelling in the left supraclavicular region. She had neuralgic 
pain in the back of the head and in both arms and hands. She was admitted to 
Memorial Hospital, March 21, 1921, at which time physical examination showed 
a swelling the size of a goose egg over the inner end of the left clavicle; it was 
firm in consistency, definitely circumscribed, was fixed to and apparently arose 
from the clavicle. There also was a diffuse swelling over the area from the third 
to the fifth cervical vertebrae, extending from 4 to 5 cm. to the left of the 
median line; there was some limitation of the motion of the neck. The clinical 
diagnosis was osteogenic sarcoma of the clavicle with metastases to the cervical 
vertebrae. Roentgen-ray examination showed evidence of a destructive process 
in tile sternal end of the left clavicle and in the body and transverse process of 
the left side in the sixth cervical vertebra. The character of this process in the 
clavicle, from the roentgen-ray standpoint alone, closelj' simulated that noted in 
another case of endothelioma of the radius. 

From March 23, 1921, to April 1, 1922, the patient received five radium pack 
treatments applied at 6 cm. distance, a total of 34,050. millicurie hours. She had 
one roentgen-raj’- treatment, July 13, 1923. She remained well for four years. 
June 20, 1925, after about a week’s illness, the patient died; the cause of her 
death is not definitely known; possibly it was due to metastases. The plij^sician 
who attended her during the last week stated that she complained of severe head- 
ache, had a rapid pulse (140), a temperature of onlj' 100, suffered from 
nausea and vomiting, and held her head to one side. Her family phj'sician. 
Dr. F. Holden, stated that she died of cerebral meningitis induced by making 
a visit to the hospital on a hot day. It was impossible to ascertain her physical 
condition for a few months prior to this attack. 

Dr. James Ewing’s microscopic report on the specimen removed at biopsy 
was: “The tissue is composed of closely packed cells without uniform stroma. 
The cells are small, round or pol 3 'hedral; they show features of endothelial cells, 
but are not typical of endothelioma. It may be mj'eloma or endothelioma.” 

The remaining cases will be found in the accompanying tables. 
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tracture of soft parts and bringing die head to the level of the acetabu- 
lum. Reduction can then be secured by operation. In a series of five 
successful reductions, the functional result, judged from the standpoint 
of stability, increased length of limb and improvement in gait, was best 
in the cases in which bony anl<ylosis in good position for weight- 
bearing resulted. 

Congenital Dislocation of the Hip: A Method of Determining the 
Degree of Antetorsion of the Femoral Neck. — Stewart and Karshner ^ 
suggest that the degree of antetorsion of the neck of the femur can be 
measured by a means of the fluoroscope and goniometer. The child is 
placed face down, flat, on the fluoroscopic table. The angle of outward 
rotation which is necessary to bring the shadow of the neck into aline- 
ment with the shadow of the shaft is measured. This angle is subtracted 
from 90 degrees, giving an angle which represents the antetorsion of the 
neck of the femur. 

Congenital Dislocation of Hip. — ^Putti,® before the Clinical Congress 
of Surgeons, reported from his records that up to the year 1924, in 
1,879 cases, with a total of 2,556 dislocations, heredity seems to play a 
part in 13 per cent, with a familial factor in 10 per cent. Of these cases. 


* This Report of Progress is based on a review of 230 articles selected from 
595 titles dealing with orthopedic surgery appearing in medical literature between 
^larch 13 and July 24, 1926. Only the articles that seem to represent progress 
have been selected for note and comment. 

1. Abbott, L. C. : Arch. Surg. 12:983 (May) 1926. 

2. Stewart, S. F., and Karshner, R. G. : Am. J. Roentgenol, 15:258 (March) 
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3. Putti, V.: Surg. Gjmec. Obst. 42:449 (April) 1926. 
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a chronic osteomyelitis adjacent to an epiphysis without actual invasion 
of the epiphysis itself. This differentiation is most impoiiaiit since 
it is my impression that even an invasion of the epiphysis b}' an 
avirulent organism or the infliction of a minimum of trauma will always 
retard rather than accentuate cell proliferation. 

Proof of this is well illustrated in the following experiment : 

One cubic millimeter of a washed staphylococcus culture of a known low 
virulence® and a bacterial count of 5 per high power field was injected into 
a 3 months' old dog. The wound healed without suppuration. The animal was 
followed for six months, roentgenograms being taken at intervals. . There was 
moderate atrophy of the bones of the entire right leg with rarefaction throughout 
the entire lateral half of the epiphysis, and at the end of six months the femur 
showed 2.3 cm. shortening. There was no compensatory lengthening of the fibula 
on the same extremity. 

When, however, infection involves the shaft of the bone with exten- 
sion to the metaphyseal portion without invasion of the epiphyses itself 
and the necrosis is a slow progressive affair, lengthening of the part 
sometimes occurs. 

, Ollier reports a central osteitis of the tibia in a child with a dormant 
necrosis of the bone which induced 6 cm. lengthening of the shaft. 

Case 1 . — -K white girl, aged 14, received a slight abrasion of the left lower leg 
four years before admission ; shortly afterward pain and swelling developed over 
the midtibia with fever. The tibia was incised and drained, and the wound healed 
after a period of several weeks. One year later the wound broke down, and it 
discharged for the following two years. The patient treated herself by changing 
dressings. One year before this examination, she entered the Lakeside Hospital 
because of pain and tenderness over the mesial aspect of the lower part of the 
left thigh and a discharging sinus on the internal upper portion of the lower part 
of the leg. There was swelling around the knee with ballottement of the patella. 
Saucerization of the infected area of the upper part of the tibia and lower portion 
of the femur resulted in an early relief of signs and symptoms. On final admis- 
sion to the dispensary, the patient’s general condition was excellent. Physical 
examination showed multiple healed lihear scars above and below the left knee 
and normal range of motion. There was an increase of 2.5 cm. in length of the 
left tibia, measured from the internal joint space to the malleolus, with moderate 
relaxation of the joint capsule, as evidenced by an increase of 20 degrees in 
lateral mobility. The femora were equal in length. 

The roentgenograms (fig. 1) showed the tibial and femoral epiphysial struc- 
tures to be normal. There was an operative defect on the anterior upper third of 
the left tibia with perhaps some thickening of the posterior ostium beneath 
this area. 

Congenital syphilis occasionally produces a rather unusual mani- 
festation of bone growth disturbance whereby the bones of one extremit\‘ 
show a symmetrical overgrowth. Wilhelm ® believes this overgrowth 

2. The dog has a high immunity to staphylococcus. 

3. Wilhelm, S. F. : Ostitis Fibrosa and Hyperostotic Form of Bone Syphilis. 
Surg. Gynec. Obst. 41:624 (Nov.) 1925. 
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scaphoid bo; 6 establish the bone-block back of the tibia on the os 
calcis.; '• >zo.p:, tients have had a secondary operation for repair of the 
bone- w fjj, whic*i had fractured after a few months of functional use. 

O'] 'ration for Dangle-Foot.~Mor\sov\ and MacKenzie^“ report 
thre^ cases of dangle-foot in which operatiotis were performed three 
years previously. The operation consists of making osseous ligaments 
by transplanting bone and periosteum between the tibia and fibula above 
and the astragalus and the os calcis below. The resulting fixation in the 
three cases has been permanent, and roentgenograms show definite 
bony bridges. 

Operation for Abductor Paralysis of Hip. — Colonna has proposed 
an operation which is said to be of value in cases of paralysis of the hip 
if the quadi'iceps femoris muscle is active. It is proposed to take advan- 
tage of a portion of the quadriceps femoris muscle by detaching- the 
long head of the rectus femoris from its two origins, and freeing this 
portion from its bed for a few inches. This long head is then brought 
through the fascia lata and is placed superficially to the tensor fascia 
lata, after which it is inserted into the crest of the ilium or fascia covering 
the paralyzed gluteus medius muscle. 

Serum Treatment of Poliomyelitis. — Etienne treated with serum 
fourteen adults who had acute myelitis. He used Pettit’s poliomyelitis 
antiserum, prepared at the Pasteur Institute in Paris. Eighty cubic 
centimeters of the serum was given subcutaneously. Slight movements 
reappeared within forty-eight hours. The patient improved by the fifth 
day, was able to walk by the twelfth day, and recoveiy was soon com- 
plete. In a subacute case with bladder disturbances and paraplegia, 
improvement occurred by the third day. A month later the man went 
back to work. In a case of extensive paraplegia with bulbar involvement, 
the speech improved and the patient recovered in a few days. A patient, 
treated with the serum two months after the onset of the disease, began 
to walk in six days. Similar results were obtained in a case of eleven 
weeks’ standing when treatment was begun. A dose of 300 cc. may 
sometimes be needed. In cases with prolonged course and successive 
involvement of the spinal cord, medulla and brain, a total of 2,200 cc. 
of the serum was required. In recent cases, 100 cc. of the antiserum is 
the usual dose given by intraspinal injection. 

10. Morison, R., and Mackenzie. W.: Surg. Gynec. Obst. 42:270 (Feb.) 
1926. 

11. Colonna. P. C. : J. M. Soc. New Jersey 23:177 (April) 1926. 

12. Etienne. G.: Medecine 7:349 (Feb.) 1926. 
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internal joint space to the malleolus, 3 cm. longer than its neighbor, with 1 cm. 
increase in the circumference of the left calf. The reflexes were normal. The 
blood and spinal fluid were strongl}' positive. The urine was normal. ' 

The roentgenograms (fig. 2) of the right tibia and fibula presented a uniform 
enlargement both in circumference and in length; the' epiphyses showed no 
abnormal change. 

The most interesting and at the same time a more unusual type of 
overgro'wth of a long bone occurs coincident ■with nevus and elephantoid 
subcutaneous tissue. Congenital hemihypertrophy of the body is not 
uncommon and many cases have been reported, particularly in the 
French literature, but h3'pertrophy of a single extremity has been 
reported in only a few instances. 



L R L R 

Fig. 2 (case 2). — Right and left tibia and fibula, showing contrast in length 
and size. 


Case 3. — -'\n Italian girl, aged 12 years, was admitted to the Lakeside Hospital, 
March 20, 1926, with the complaint of swelling of the left leg and foot. She was 
the fifth child, born at term following a normal labor. At the age of 2 years 
she had scarlet fever, at 5 measles, at 6 pertussis, and at 8 pneumonia. She did 
not walk until 3 years of age. The family historj' was unimportant. 

A few days after birth a brownish pigmentation was noted on the inner side 
of the left leg, and the mother thought that the lower part of the leg and the 
foot were somewhat enlarged. This enlargement of the leg had steadily increased 
until the present time, although there had never been any restriction of activity, 
or pain. 
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, NEOPLASMS 

EiidotJielic ' Myeloma: Fifty-Four Cases. — Connor finds that 
there have bee.'i sixty-seven cases of Ewing’s tumor, designated in this 
article as endothelial myeloma, recorded in the Registry of Bone Sarcoma 
of the American College of Surgeons. These constitute about 10 per 
cent of all cases of bone tumors registered and are reported in full. The 
belief that these form an entity separable from osteogenic sarcoma is 
borne out by the characteristics emphasized here, namely, their almost 
constant location in the shafts of the long bones and in the flat bones 
where osteogenic sarcoma seldom occurs; their peculiar morphology (the 
type of cell being easily distinguished from the osteoblast in most cases), 
and their susceptibility to radium and roentgen-ray treatment. These 
myelomas occur mainly in children, and many of them are preceded by 
trauma and by signs of inflammation. Histologically, they may be 
divided into the angiomatous, the reticular and the diffuse. Their devel- 
opment is slow, with intermittent pain and swelling; they may recede 
only to return and become progressive. As a final distinguishing point, 
the therapeutic radium or roentgen-ray test is advocated. This form of 
tumor, in contrast to osteogenetic sarcoma, usually disappears under 
the influence of these forces. Connor does not agree with the opinion 
of Ewing and others that endothelial myeloma arises as a solitary tumor. 
He believes that the multiple tumors are actual metastases. For this 
reason, he believes that amputation in the early stages is a form of treat- 
ment which should be considered, although apparently radium has cured 
the condition in several cases. The prognosis, with a combination of 
surgical intervention and irradiation, is not always death. Patients have 
lived for five years or longer after treatment. 

Angio-Endothelioma of the Bone. — Kolodny” analyzes two cases 
which he believes show that angio-endothelioma of the bone is a true 
pathologic entity, which, however, is exceedingly rare. The diagnosis of 
endothelioma of the bone should be made only when all the evidence is 
clear and conclusive; otherwise, the diagnosis of endothelioma will con- 
tinue to be the graveyard of those uncommon complex tumors concerning 
which present knowledge is extremely meager. 

Bone Formotion in Osteogenetic Sarcoma: — Eising has reached 
the conclusions (1) that sarcoma in the bone is a malignancy of the 
softer structures and connective tissues in bone, progressing in the 
matrix and along the pathway of the haversian canals and blood vessels, 
and (2) that the new bone proliferation in osteogenic sarcoma is a 

15. Connor. C. L. : Arch. Surg. 12:789 (April) 1926. 

16. Kolodny. .Anatole: Arch. Surg. 12:854 (April) 1926. 

17. Eising. E. H, : Arch. Surg. 12:867 (April) 1926. 
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The epiphj'sial lines of the left tibia were distinctly less clear cui than tl’.ose of 
the right. The spine showed an irregular fusion of the fourth and fifth dorsal 
segments. In view of the increased lengthening of the tibia and t’ e i-edundancy 
of the subcutaneous tissue, the child w'as operated on, Afarch 30, .1926. 

At operation dense, resistant, fibrous subcutaneous tissue .vas encountered 
which cut with some difficulty; there were a moderate number of rather large 
venous spaces throughout the tissue. There was no involvement of the muscles 
or fascia. The periosteum over the anterior surface was rather irregular and 
stripped with difficult 3 ^ A piece of subcutaneous tissue was removed for histologic 
examination. The tibia was shortened 2 cm., with anticipation that the soft 
tissue might be resected at a second stage. However, on the third daj' after 
operation the patient developed a pulmonary complication, and examination of 
the sputum showed tubercle bacilli. The physical signs cleared up rather rapidh*. 



Fig. 4 (case 3). — Anterior cortex of left tibia, showing thickening witli 
elongation. 


and she was discharged three weeks after operation. Union of the tibia was 
firm at the end of eight weeks. It was thought wise in view of the pulmonarj" 
disturbance to delay resection of the soft tissue until a later date. 

The histologic examination, as reported bj' Dr. H. T. Karsner, showed con- 
siderable fibrous tissue loosely arranged. A few pieces of bone were present in 
the tissue, together with a few small lymph and venous spaces (fig. 6). The 
trabeculae of the bone were thicker and closer together than normal, with nar- 
rowing of the haversian canals. 

Campbell * has recently reviewed the literature of congenital hyper- 
trophy and reported a case which Avas clinically almost similar to the 

4. Campbell, \V. C. : Congenital Hypertroplu-, Surg. Gynec. Obst. 3G:699 
(May) 1923. 
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tions of -hj^pertonic salt solution have been used in the treatment in sixty- 
six cases of .thrombp-angiitis obliterans. Improvement has resulted in 
the majorit -i pi patients, cessation of pain, increased temperature of the 
extreinit)':, growth of the nails, healing of the ulcers and the reopening of 
obliterated vessels. No dangerous reactions or untoward results of any 
kind have been noted in .more than 2,500 injections. Four consecutive 
successful amputations below the knee have been performed in four 
advanced cases after preliminary treatment with physiologic sodium 
chloride solution. If begun before the disease is too far advanced, treat- 
ment of thrombo-angiitis obliterans by repeated injections of hypertonic 
sodium chloride solution will check the progress of the disease and will 
restore the patient to health and usefulness in the majority of instances. 

ARTHRITIS 

Pathology and Treatment of Chronic Arthritis. — Pemberton-^ bases 
his discussion of the pathology and treatment of chronic arthritis on a 
critical consideration of 1,200 cases. Although treatment of the disease 
is in the realm of internal medicine, he believes it has received more 
profitable attention from orthopedic surgeons than from any other group. 
So much emphasis has been placed on focal infections that the idea has 
gained ground that treatment in this disease may be successful if the 
patient is treated by dental, aural, laryngologic or gastro-intestinal 
specialists. This conception, he points out, is far from adequate, and is 
responsible for many of the failures to relieve the symptoms. The 400 
army cases which he studied carefully provide important data. Forty- 
six per cent of the patients recovered in the presence of demonstrable 
foci ; 16 per cent recovered after the removal of foci. This significant 
observation suggests that there are other factors than mere focal infec- 
tion which play a large role in the determination of invalidism or 
recover)^ Twenty per cent of the patients showed a somewhat lowered 
basal metabolism. The urea and nonprotein nitrogen content of the 
blood were normal in all the uncomplicated cases, and on many grounds 
it can be stated Avith confidence that there is no justification for the old 
practice of denying these patients the so-called “red” meats. The 
anemia incidental to arthritis may be aggravated by this unnecessary 
prohibition. Even after the removal of possibly causative foci, a more 
or less permanent physiologic change, adequate to perpetuate symptoms, 
may remain for a long time. Arthritis is only one branch of a large tree, 
and merely constitutes the surface expression of an underlying pathologic 
condition. The author considers nearly every case of arthritis which 
presents serious deformity a reproach to the medical profession, and he 


22. Pemberton. R.; W. Virpnia M. J. 22:232 (May) 1926. 
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and Monod,® “Asymmetry of the Bod}^”! Ayhich ap^'eSred in 1869; this 
was followed by articles by Leblanc’^ aiidi^Duplay ® (1898), 

and b)*^ a remarkably complete article by Kluppel'and^Trenaunay (1900). 
Guinaud took the disease as the subject of a.Bansj thesis hi 1901. 

Overgrowth of the bone usually predomiri^es although any tissue 
in the involved area may be hypertrophied. The origin .'of the diseasi 
is in an antenatal pathologic condition. Ewing,® quoting from variou! 
authors, considers this disease to be a type of cutaneous fibroma, con 
cerned with many complex factors, most of which center in the nervou! 
system. 

SUMMARY 

Overgrowth of the tibia and fibula in three patients between the ages 
of 12 and 14 seemed to result from entirely different etiologic factors 
The first patient showed an increase in length due to stimulation of th< 
cartilaginous cells of the epiphysial plate from adjacent osteomyeliti: 
without invasion of the epiphysis. The second patient had a historj 
suggesting congenital syphilis without manifestations other than a posi 
tive blood Wassermann reaction. The third patient showed a general- 
ized enlargement of the low^er part of the left leg, with nevus anc 
enlarged veins apparently of congenital origin. 

6. Trelat, V., and Monod, A,: De Thypertrophie Unilateral Partielle on 
totale du corps, Arch. gen. de med. 10:257-278, 1888. 

7. Leblanc, E. : Contributions a I’etude de Thypertrophie congenitale unila- 
terale partielle ou complete : Du role probable de la metamerie Ebryonnaire dans 
son evolution pothogenique, Paris, 1897. 

8. Duplay: Hemihypertrophie partielle, Gaz. hebd. de med. 2:529-532. 1897. 

9. Ewing, James: Neoplastic Diseases, Philadelphia, W. B. Saunders Com- 
panJ^ 
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results of raniisection have been almost universally disappointing. In 
discussing treatment, he agrees with Bankart that massage is of no value. 
The purpose of.. all operative treatment is to remove excessive muscle 
spasm in • certain,- groups, thereby correcting deformity and restoring 
muscle balance. Operative procedures may be undertaken when the 
patient is 3 years of age, and he considers that only two types of opera- 
tion are worth discussing: (1) operations on the tendons and muscles 
and (2) operations on some of the motor nerve fibers passing to the 
spastic muscles. The first group of tendon' operations includes tendon 
lengthenings, myotomies and tendon transplantations; the second, 
Stoffel’s operation on the afferent fibers on the basis of the anatomy of 
the peripheral nerve bundles. His estimation of the relative value of these 
two types of operation is as follows: After an extensive trial and a 
review of the results of sixty operations on the internal popliteal nerve, 
he concludes .that for the. relief of equinus the nerve operation possesses 
no advantages over lengthening of the Achilles tendon by open operation. 
In cases of obstinate knee flexion, he considers that the excision of the 
appropriate fibers of the sciatic nerve running to the long head of the 
biceps and the semimembranosus and a portion of the fibers running to 
the semitendinosus gives better results than operations on the hamstring 
tendons. He also believes that better results follow excisions of the 
obturator nerves in cases of severe adduction of the thighs than radical 
muscle or tendon operations. He attacks the nerves by an abdonunal 
extraperitoneal route. He overcomes severe internal rotations by an 
attack on the superior gluteal nerve, excising only its terminal portion 
near the trochanter. He controls severe pronation in the arm by excising 
some of the fibers of the median nerve running to the pronator radii 
teres, the flexor carpi radialis and the palmaris. He calls attention to 
the importance of using a battery to pick out the appropriate fibers, since 
the arrangement of the bundles of the median nerve has not in his 
experience been constant. For after-treatment he depends on night 
retentive apparatus, the usual braces and muscle training. He has 
noticed that keloid is prone to occur in these cases. 

Physiology of the Sympathetic Nervous System in Relation to 
Raniisection . — Forbes and Cobb doubt whether any success that may 
follow the operation of ramisection in cases of spastic paraplegia can be 
ascribed to the operation itself. Many factors may enter into the success 
of such an operation. In addition to the actual effect of interrupting the 
sympathetic nerve path, there are other possible causes of improvement, 
such as exercises, mental suggestion, hospital care and nursing. Some 
operations have been entirely unsuccessful. The proposal to relieve 

26. Forbes, Alexander, and Cobb, Stanley: J. A. M. A. 86:1884 (June 19) 
1926. 
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the deformity occurred in 84.9 per-vcent'^feiiiales, mid in 15.1 per cent 
males. Sixty per cent of the .4islocations/»werei$ii^^ and-^^9 per cent 
were double. Geographically, in |iba^’5t northern 

provinces, rare in the south and-'almo?tiU^nD^V)^ii‘Sid^^^ disloca- 
tion can result from a number of factors'^VbK^^'hich. the. mechanical is 

, ' * '■*{y * • »’ 

without doubt the most frequent, if not the only .^uSev-;The earliest 
possible diagnosis, even before the child begins te'!Valk-, is of great 
importance. If the dislocation is unilateral, the cutaneous creases of 
the thigh evident in the infant are not symmetrical;- and are displaced 
proximally on the dislocated side; the inguinal. 'ahd.’gluteal pleats are 
deeper and longer than on the normal side: .-■'•Tho- outline of the dislo- 
cated hip is more prominent. The luxated limb has a tendency toward 
external rotation. Abduction is slightly diminished. ‘ Shortening is 
nearly always minimal, but appreciable. If the dislocation is bilateral, 
there is no difference in length of limb, but the pelvis appears enlarged 
because of the projection of the trochanters, the buttocks are flattened, 
and the limbs may not be normally abducted. Putti’s experience has led 
him to be conservative in treatment, the bloodless method being used in 
all cases except those in which the reduction cannot be obtained in this 
way. This occurs in 5 per cent of the cases. The results in 700 cases 
in which treatment was given in the year 1923 show functional and 
anatomic success in about 80 per cent in the single and in 60 per cent 
in the double dislocations. On the basis of 1,879 cases with 2,556 dislo- 
cations, the results were successful in 90 per cent of the single and 
65 per cent of the double cases. Anterior transposition, particularly in 
bilateral cases, may sometimes produce results functionally as satisfactory 
as those which are anatomically perfect. Putti believes that the treat- 
ment will be more successful when it becomes generally possible to 
begin treatment at an earlier age than is now the case. 

Treatment of Congenital Dislocation of the Hips by Early Mobiliza- 
tion . — Up to 4 or 5 years of age, Ducroquet * has found that the results 
of reduction are remarkably successful. He treated 300 patients suc- 
cessfully, but later the reduction offered great difficulties. It is only in 
children under 5 years of age that a new joint cavity is easily formed. 
The retraction of the ligaments is greater as the child grows and causes 
an increasing obstacle to reduction. There are two opposing factors, the 
difficulty and slowness of forming a new cavity and the early and Ann 
retraction of the ligaments. To obviate the development of joint stiff- 
ness, active motion should be employed, retaining the stability of reduc- 
tion intact. The technic is as follows : After reduction is obtained, the 
thigh is covered on its anterior surface by large pieces of cotton. This 
cotton is cut in triangular form with the base at the level of the knee, a 


4. Ducroquet, R. : Arch, franco-fjclges de chir. 28:1030 (Dec.) 1925. 
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ed by antis3^philitic treatriient, syphilis may be considered 
It in the etiolog}’- of the author’s case. He goes on to 
' '>xic or infectious factor, may, perhaps, cause this 
-lo* tion, acting on the amniotic sac between the fourth 
and six. ' A^eek of fetal development, but that it probably is the syphilitic 
infection which is more often present and, therefore, that this should 
always be sought carefully. 

Chondrodysplasia. — Cole ““ reports one case of chondrodysplasia and 
reviews the literature on the subject. He believes that the term “Ollier’s 
disease” is one which is fixed in the literature, but which should be used 
only to designate the cases of cartilaginous dystrophy with or without 
cartilaginous tumor formation which show an asymmetrical involvement 
of the body as the outstanding clinical feature. Chondrodysplasia (a 
term preferable to dy achondroplasia) is a condition that is usually 
asymmetrical ; but as several sjmimetrical cases are on record, the term 
must be broader in its application than as used by Ollier in describing 
“Ollier’s disease.” 

1 

RICKETS AXD METABOLIC DISTURBANCES 

The New Haven Demonstration of Community Control of Rickets . — 
Eliot believes that antirachitic treatment should be begun in the first 
month of life and continued faithfully for two years. In the temperate 
zone, rickets is nearly a universal disease among infants, whether breast 
or artificially fed. The New HaA^en demonstration was undertaken to 
show that 90 per cent of the infants seen by roentgen-ray examination 
showed eAudences of slight rickets before they Avere 6 months of age. 
When the directions regarding cod INer oil and sun baths were followed 
regularly, these infants did not deA’elop the slightest evidence of rickets ; 
that is, the disease Avas controlled. In contrast to this group stands the 
control series, Avhich shoAA’^ed 18 per cent of moderate or marked rickets 
at 10 months, 25 per cent at 13 months and 37 per cent at 25 months 
of age. 

Permanent Rickets: Eight Cases. — Hess concludes that recur- 
rences of rickets are frequent, especially during the second j'ear of life. 
Hence, specific therapy, Avhether cod INer oil or ultraAuolet irradiation, 
should be continued after all signs and symptoms of rickets haA’^e disap- 
peared. Furthermore, cod liA’^er oil should be gNen not only during the 
first but also during the second Avinter. This is adAusable, particularly 
in regard to infants AAdio haA'e had rickets and are therefore susceptible 
to a recurrence. 

30. Cole. W. H.: Surg. Gynec. Obst. 42:359 (:krarch) 1926. 

31. Eliot, il. M.: Pub. Health J. 17:114 (March) 1926. 

32. Hess, A. F.: Am. J. Dis. Oiild. 31:380 (March) 1926. 
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reflexes are normal, the patient is allowed to-be up. This, result -will be 
obtained in two years frorh the beginning, of 'the cure. Patients -..with 
a closed spondylitis may expect without exception a certain cur by,. this 
treatment, but the prognosis in cases with' mixe'd infection is.^much 
more unfavorable. Rollier is a determined opponent to the use of plaster 
apparatus. He advises corsets of celluloid, freely perforated, or linen 
reinforced with steel. These are made from plaster casts, and should 
be worn for a year. After cure, the patient should continue his sun 
baths at home. 

Nonspecific Cold Abscesses. — Melchior^ states that genuine tuber- 
culous abscesses frequently have all the characteristics of hot abscesses. 
On the other hand, one frequently finds cold abscesses of nontuberculous 
nature. Such cases are found following osteomyelitis, t3'^phoid fever, 
bullet wounds or wounds caused by other foreign bodies; likewise, in 
empyema of the gallbladder, abscesses of the sweat glands or lympha- 
denitis. He reports four cases of multiple abscesses with h’pical signs 
of cold abscess, showing staphylococci exclusively. The granulation 
tissue revealed no traces of tuberculosis on microscopic study. 

Rheitinatisin of Tttbej'culous Nahtre. — ^Harvier® reports a case of 
rheumatism of tuberculous origin in a patient, aged 40, who developed 
chronic rheumatism after three acute attacks, twenty-three, four and 
three years before, respectively. Roentgenograms demonstrated lesions 
of the joints and bones. Repeated bronchitis and anal fistula were 
among the signs suggesting the diagnosis of tuberculosis. Inoculation 
of guinea-pigs with the effusion from the knee joint proved that the 
fluid contained tubercle bacilli. 

[Ed, Note, — ^Why call this rheumatism? Ely and Rollier present 
two diametrically opposed points of view. We cannot agree with Ely 
that operation is the only cure for Pott’s disease, nor do we agree that 
operation should be performed in the presence of multiple infection. 
We also feel strongly that children should be treated conservatively. 
Again, Ely’s after-care, six months, seems perhaps to explain why 
only twenty-eight of fifty-three patients were benefited. Rollier, on the 
other hand, has the enthusiasm of a propagandist for a special type of 
so-called cure.] 

POLIOMYELITIS 

The Surgical Treatment of Dangle-Foot . — Ollerenshaw ® has 
operated in nineteen cases of drop-foot by the “bone-stop” method of 
Campbell. He uses the bone removed from the subastragaloid joint and 

7. Melchior, E. : Beitr. z. klin. Chir. 133:205, 1925. 

S. Harvier, P. : Bull, et mem. Soc. med. d. hop. de Paris 50:509 (March 
26) 1926. 

9. Ollerenshaw, R. : Brit. M. J. 1:525 (March 20) 1926. 
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■Ostcom'alacm in Kashmir. — Y aughan says that osteomalacia is 

common in Kashmir. Almost all Kashmiri women who have borne 
children are affected in some degree, with the exception of the boatman 
. class. The" latter women live in the open air on large freight boats, work 
hard and eat with the men. They are too poor to cook their food, and 
eat such raw vegetables as cucumbers and tomatoes with their rice. The 
worst cases are seen in the homes of the wealthy, who keep their women 
in seclusion, and among those of the poorer classes who do the same. 
Many deaths take place during childbirth owing to conditions consequent 
to osteomalacia ; as skilled assistance is not available, mother and child 
often are lost. Rickets is not common in Kashmir. 

36. Vaughan, K.: Brit. M. J. 1:413 (March 6) 1926. 

(To be continued) 



WILSON ET AL.— PROGRESS IN ORTHOPEDIC 


lERY 155 


SYPHILIS. 

Roentgenologic Study of Congenital Syphilis of HU'-'hdng' *}es . — 
Pehu, Chassard and Mme. Enselme^® have -.studied fof ''itiany'}\ “s the 
changes in the long bones due to congenital syphilis which h cur in 
infancy, that is, from birth up to the second year. They divide these 
into four groups: (1) gummas, which are rare; (2) osteomalacic 
changes, which represent a dystrophy of the bone, also being rare; 
(3) the osteochondritis of Weyner-Parrot type, which usually begins 
in utero about the fifth month of pregnancy, but may be delayed as late 
as the third month of life ; (4) hyperplastic periostitis, which is by far 
the most frequent manifestation of congenital syphilis, comprising about 
80 per cent of their cases. The condition is demonstrated only by a 
roentgenogram, and the bones of the four extremities are often affected 
in an exactly similar and symmetrical manner. These changes begin 
in the first three months of life, and continue until about the eighteenth. 
It is, therefore, an extra-uterine condition. 

PYOGENIC INFECTIONS OF BONES AND JOINTS 

The Aspiration of Septic Joints of Low Virulence. — Lonergan 
gives the details in three typical cases chosen from a large group of 
septic joints of low virulence observed at the Children’s Hospital in 
Boston. In this group there usually was an initial trauma, followed in 
a day or two by increasing tenderness, swelling and heat in the joint. 
There were temperature elevation of from 1 to 4 degrees, a large number 
of white blood cells and a varying amount of general constitutional reac- 
tion. The treatment consisted of immediate aspiration, from which 
sometimes turbid fluid and sometimes thin pus was obtained. Some of 
the cultures showed no growth and others a staphylococcus of low 
virulence. The patients were carefully watched, but no other operative 
procedure was necessary, and a full return of motion and quick sub- 
sidence of local and constitutional symptoms followed. 

[Ed. Note. — These observations of Lonergan are of value as sug- 
gesting that in many cases of mild sepsis with joint effusion in children 
the simple relief of tension may enable the joint tissues successfully to 
combat bacterial invasion. We strongl)’^ emphasize the necessity for 
hospitalization and close clinical and bacteriologic obser^’ation if such a 
case is to be handled safely.] 


13. Pehu, M.; Chassard, M., and Enschne, J.: J. de radjol. ct d’clcctrol. 
10:54 (Feb.) 1926. 

14. Lonergan, R. C: Boston M. & S. J. 194:661 (April 15) 1926. 
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secondary process, and is the result of an attempt at the establishment 
of a natural barrier to the intrusion of the- p'eoplastic pi! I'ess. 

Registry of Bone Sarcoma. — Codmari-^®' presents an axcellent report 
of the Registry of Bone Sarcoma, It is divided nhto- two parts! one 
part contains twenty-five rules for establishing the diagnosis of -osteo- 
genetic sarcoma ; the other part is a report of thirteen registered cases of 
“five year cures” analyzed according to these criteria. 

Myxochondrosarcoma of the Knee. — Fedeli describes a case of 
myxochondrosarcoma of the capsule of the knee following trauma. He 
gives the differential diagnosis and reports on the microscopic appearance 
after amputation. In making a differential diagnosis from tuberculosis 
and from acute and chronic inflammatory lesions, he indicates the value 
of the roentgenograms, the absence of increase in local surface tempera- 
ture, the retention of movement until the joint lining is involved, the 
changes in the overlying superficial veins and the character of the 
swelling. 

The Similarity of the Roentgeiv-Ray Obsei-vatioiis in Multiple 
Myeloma and in Sporotrichosis. — ^Altschul calls attention to the pos- 
sibility that the rare condition of sporotrichosis of the bones of the skull 
may present a roentgen-ray picture almost entirely identical with that 
found in multiple myeloma of the skull. 

VASCULAR DISEASE 

Treatment of Thromho- Angiitis Obliterans by Intravenous Injection 
of Hypertonic Salt Solution ; Preliminary Report. — Silbert asserts 
that the etiology of this disease is not understood. No satisfactory 
explanation has yet been given of the peculiar distribution of the dis- 
ease. Whether the abnormality is primarily one of the blood vessels, 
of the sympathetic nervous system or of the glands of internal secretion, 
is yet to be determined. Although the discoverj'^ of the real nature of 
the process is of great importance if a rational therapy is to be evolved, 
various forms of treatment are being tried. Koga, in 1913, first sug- 
gested the intravenous administration of fluids in thrombosis obliterans. 
At present the author uses a 5 per cent hypertonic solution of sodium 
chloride, 150 cc,, for the first injection and 300 cc, for all subsequent 
injections. Immediate improvement may occur, but often there is no 
improvement until a few weeks later. In a series of sixt)’-six cases, 
forty-si.x patients have definitely improved. Repeated intravenous injec- 

18. Codman. E. A.: Surff. Gynec. Obst. 42:381 (March) 1926. 

19. Fedeli, F. : Chir d. org. di movimento 10:209 (Feb.) 1926, 

20. .■\ltscluil. Walter: Am. J. Roentgenol. 15:224 (March) 1926. 

21. Silbert, Samuel: J. A. M. A. 86:1759 (June 5) 1926. 
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The iodized oiiV used were lipiodol (Lafay), which contains 40 per 
cent of iodine by weight combined with poppy seed oil; and iodipin, 
which contains 40 per cent by weight combined with sesame oil. Iodipin 
can be obtained in either 10 per cent or 40 per cent compounds. It is 
possible that the other oils can be used, but the two mentioned are the 
oils we use in our work. 

It is interesting to know that the iodine is so firmly combined with 
the oil that the iodine reaction cannot be obtained in patients who are 
expectorating sputum combined with the oil. Iodized oil is not rapidly 
broken down in the lungs but may be in the gastro-intestinal tract, when 
it is swallowed, or when through accident the. oil is introduced into the 
esophagus. lodism may thus result. 

■The choice iof the five methods of technic in use usually varies with 
the experience of those interested in the methods. Laryngologists prefer 
the bronchoscope; pediatricians, the tracheal trocar. Medical men and 
roentgenologists prefer the intratracheal injection through the mouth. 
No matter which method is used, approximately from 20 to 40 cc; of 
the oil must be used to produce suitable roentgenograms. 

FIRST' METHOD ® 

In the first method, the patient is placed in a horizontal position, preferably 
on a roentgen-ray table so that after the introduction of oil the roentgenogram 
can be taken immediately. It has been shown that frequently patients will 
cough out the oil before the roentgenogram is taken; then the whole operation 
must be repeated. 

The head is placed' in hyperextension in order to locate the cartilages more 
easily. The skin is prepared by the application of tincture of iodine and the 
operator places himself on the right of the patient, immobilizing the thyroid 
cartilage between the thumb and the second finger of the left hand, while with 
the index finger he palpates the cricothyroid membrane. He then rapidly 
anesthetizes the skin and subcutaneous layers of tissue with procaine hydro- 
chloride, and guided by the left index- finger, which has located the correct 
position, the trocar is forced through the tissues in a plane perpendicular to the 
larynx. Following this, by movement upward of the plate at the base, the 
trocar is pushed farther into the trachea, and at the same time becomes parallel 
with its walls, while the plate rests flat against the neck. When the stilet is 
withdrawn, a whistling sound of the inspired air denotes a correct position. 
The syringe containing 5 cc. of procaine hydrochloride is now attached, the 
head of the patient is slightly withdrawn from its extreme hyperextension in 
order to prevent the liquid from flowing toward the glottis, and slight pressure 
exerted to cause its entrance. A forcing out of the piston and the presence of 
bubbles of air caused by the cough incident to the irritation of the first few 
drops of the solution confirm the correct position of the trocar in the trachea. 
Should these indications not be present, one of course suspects a false entry or the 
presence of a fold of mucous membrane over the opening. A small amount of 
manipulation of the cannula and the use of the stilet will usually give results 
fairly quickh’. 
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believes that the outlook for the arthritic' patient who is treated* Vigor- 
ously, and above all intelligently, is growing 'progressive!}' better. ' ’■ 

[Ed. Note. — ^We are are in hearty accord with, these co'.Veptions of 
Pemberton. "We should continue to remove such., easily accessible foci 
as may play a part in lowering the patient’s resistance, but we should 
consider arthritis as a generalized disease, of ^vhich the foci may be a 
symptom as well as the aflfected joints. If we examined apparentl}' well 
persons as carefully as we examine arthritic patients, we should find 
many such foci, and if we succeed in overcoming the generalized disease 
many of these suspected foci cease to be important factors, as Pem- 
berton’s statistics prove ; these may actually disappear as the patient’s 
resistance to bacterial invasion is increased.] 

Synovectomy in Chronic Infections Arthritis. — Swett believes that 
synovectomy is an operation that warrants further trial in carefully 
selected cases of chronic infectious arthritis. It may be expected to 
promote the restoration of function to those joints in which resolution of 
the exudate has been delayed. It may also prevent the further destruc- 
tion of the cartilages and the secondary ankylosis which would result 
from the prolonged presence of large amounts of organized inflammatory 
exudate. It should be done before bone and cartilage changes occur, 
in the hope of preventing such changes. Furthermore, bone and cartilage 
changes do not contraindicate synovectomy, but the resulting benefit may 
be prejudiced by such changes and to a degree in direct proportion to 
their extent. These observations are based on an experience of thirty- 
nine synovectomies in thirty-two patients, one in the wrist, three in the 
elbow, thirty-two in the knee, one in the hip, one in the finger and one 
in the ankle. 

Calcium Content of Blood in Gout and Arthritis. — From an anah'sis 
of the blood in cases of gout and arthritis, Horowitz finds that the 
estimation of the blood calcium, except in acute gout, whether during 
attacks or in the intervals, is of no help in distinguishing gout from 
arthritis. 

DISTURBANCES OF THE NERVOUS SYSTEM 

Treatment of Spastic Palsy in Children. — Fairbank,-^ whose 
experience is wide, has written a valuable article on this subject. 
He believes that in most cases of spastic paLsy the intracranial 
damage has been done before birth, but that enough cases of such 
a disease as syphilis exist to make it necessary' for the surgeon to 
assure himself that the case is not progre.ssive before he advises 
operative intervention. In the ordinary case he doubts the value 
of decompression, as suggested by Sharpe, and he considers that the 

23. Swett. P. P. : Am. J. Surff. 40:49 (March) 1926. 

24. Horowitz, P.: Am. J. M. Sc. 171:560 (.\pril) 1926. 

25. Fairbank, H. A. T.: Brit. M. J. 1:776 (May 1) 1926. 
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from danger, provided he cooperates perfectly. He must be perfectly relaxed, 
and have • confidence in the operator. The pharynx and larynx are anesthetized 
with 20 per cent cocaine solution. The patient may have been placed in twilight 
sleep previously. He is then placed on his back with his head elevated, and 
slight exteiision is made at the occipito-atloid joint by the left hand of the 
first assistant. The bite-block is placed on the assistant’s right thumb and 
inserted into the left angle of the patient’s open mouth. Complete .description of 
the methods of direct laryngoscopy will be found in Jackson’s book.i With the 
laryngoscope in place, a catheter is introduced into the bronchus, and from 
20 to 30 cc. of oil is introduced. The laryngoscope is removed, the patient is 
placed on the side that is diseased and the roentgenogram is taken. This method 
is not applicable to children or to patients who have dyspnea. 

. THIRD, OR BRONCHOSCOPIC, METHOD 

• The third method, while more exact in locating diseased areas under direct 
vision, requires too great skill for general adoption. The iodized oil, 40 per cent, 
is warmed and injected through the bronchoscope, the bronchoscope is then 
withdrawn, and the patient remains in the position in which the examiner desires 
to place most of the iodized oil. 

Jackson and his co-workers have used bronchoscopic methods for 
lung mapping, using a finely powdered bismuth subcarbonate. The 
roentgenograms taken with this substance are not quite as distinct as the 
ones now obtained with the iodized oil, 40 per cent. I have had a patient 
who has received a mixture of bismuth in oil, which later acted’ as a 
foreign body in the lungs, with a resulting obstruction to drainage. This 
patient had a bronchiectasis in the lower part of the right lung for which 
he had been treated by thoracoplasty. This did not produce the desired 
result, and it became necessary to perform a partial pneumectomy. The 
bismuth in oil obstructed the drainage of certain areas of the lung. 

I do feel, however, that when it is necessary to subject a patient to 
bronchoscopy for the usual indications, it is advisable to use iodized oil, 
40 per cent, in this way. 

FOURTH METHOD ^ 

The fourth method is the intratracheal introduction of the oil by indirect 
illumination of the larynx. This method has been used in many patients, and 
has been found successful. The method used is to give the patient one-fourth 
grain of morphine combined with % 5 o grain of atrophine sulphate. The patient 
is then brought to the roentgenologic department and placed in the upright position. 
The tongue is pulled out as far as possible by the patient or an assistant. The 
larynx is then thoroughly anesthetized with a 20 per cent solution of cocaine 
combined with 1 : 1,000 solution of epinephrine hydrochloride. The cocaine solu- 
tion and the epinephrine hydrochloride should be in the proportion 1 : 2. The 
application of the solution should be made every five minutes until the operator 
can touch the vocal cords without producing a cough. 

A tracheal catheter connected with a syringe containing 3 per cent solution of 
procaine hydrochloride is introduced between the vocal cords. Five cubic centi- 
meters of this solution is introduced into the trachea and bronchi. One must 
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spastic paralysis by surgical interruption of the sympathetic nerve inner- 
vation of the muscles involved, is based on the theory that'a special func- 
tion designated as “plastic tone” depends on the sympathetic nerve fibers, 
and that abolition of this plastic tonus will considei'ably relieve the 
pathologic spastic condition. Experimental research of many observers 
has failed to substantiate these observations. 

Anatomy of the Sympathetic Nervoits System with Reference to 
Sympathectomy and Ramisection. — Ranson,^' after discussing the 
anatomy of the sympathetic nervous system, concludes that no satisfac- 
tory explanation has been presented for the hyperemia that follows peri- 
arterial sympathectomy, nor for the relief of the pain that some of these 
patients experience. It is well known that there are sensory fibers 
supplying the blood vessels, but these for the most part run centrally in 
the spinal nerves, and there is no reason to believe that they run in the 
periarterial sympathetic plexuses for any considerable distances. 

Danger in Use of Iodized Oil in the Diagnosis of Obstructive Lesions 
of the Spinal Canal. — Owing to the fact that no unfavorable reports have 
been made of the use of iodized oil in the diagnosis of obstructive lesions 
of the spinal canal, Sharpe and Peterson report three cases in which it 
was used with success as to diagnostic observations, but with aggravation 
of clinical symptoms and signs. So marked in one case was this aggra- 
vation that a laminectomy was performed and two encysted globules of 
iodized oil surrounded by numerous newly formed adhesions were 
removed. In all three cases the unabsorbed iodized oil was revealed by 
the roentgen ray in the spinal canal even after an interval of fifteen 
months following injection. 

GROWTH DISTURBANCES 

Achondroplasia. — Giaume reports a case of achondroplasia, and in 
discussing the etiology of the condition says that while the clinical picture 
is well known, the etiology remains obscure, as is indicated by tlie various 
hypotheses that have been suggested. The theories that have been 
strenuously and authoritatively advanced, although numerous, may be 
grouped about three different conceptions, according to which the etiology 
may be sought in hereditar}' factors, in endocrine dysfunction and in 
toxic and infectious influences. He carefull}’- discusses these theories, and 
then reports a personal observation, from a study of which he offers 
the following conclusion : On account of the hydramnios of the positive 
Wassermann reactions in the parents and in the patient, and the evident 

27. Ranson, S. W.: J. A. M. A. 86:1886 (June 19) 1926. 

28. Sharpe, William, and Peterson, C. A.: J. Bone & Joint Surpr. 8:248 
(April) 1926. 

29. Giaume, C; Pediatria 34:359 (April 1) 1926. 
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part, the patient is placed lying on the right side; if the middle or upper lobe 
is diseased, it is best to lay the patient flat, and the head may be lowered slightly 
to map out the upper lobe better. The left lung is outlined by reversing these 
directions. It. is possible to outline one lung at a time in this way. The 
roentgenograms must be taken as quickly as possible after the introduction 
of the oil. - 

If' the patient will turn from one side to the other the oil will flow by its 
own weight into the contralateral lung. In roentgenograms that seem .to show 
bilateral bronchiectasis, this may be interpreted merely as an overflow of the 
pus from the more diseased lung. 

FIFTH METHOD * 

The fifth is the simple method which consists in the injection into the 
pharynx of from 20 to 30 cc. of iodized oil, 40 per cent, in the following manner : 
The patient opens the* mouth widely, the tongue is pulled far out of the mouth and 
the straight cannula, which is attached to an ordinary syringe filled with the 
oil, is placed horizontally at the region of the base of the tongue. The patient 
is then requested to take a deep inspiration, during which the oil is injected. 
Following the injection of the. oil, eight or ten successive deep inspirations are 
then advised, the tongue being forcibly held out and the patient requested not 
to swallow. 

In this clinic this method has been used in many cases with good 
results. If the patient has a more or less naturally anesthetic pharynx, 
the procedure is even easier. The plethoric type of person lends himself 
well to this. It may be tried in patients in whom mechanical irritation of 
the nasopharynx is contraindicated. It is not possible to inject as much 
oil with this method as with those in which complete anesthesia of the 
pharynx is used, but good roentgenograms are obtained in most cases. 

The patient will cough up most of the oil within fifteen or twenty 
minutes, but the remaining opacities may be observed for months 
afterward. Excellent results have been obtained with this method, with 
little discomfort to the patient. Children do not lend themselves well 
to this procedure, and for them the first method is recommended. 

COMMENT 

The value of bonchography lies in the definite mapping out of lung 
structure, either normal or altered by pathologic conditions. It requires 
considerable experience to be able to interpret these shadows, especially 
with so dense or so opaque a substance. In view of the fact that the lung 
fields may extend in an anterior and a posterior direction from 6 to 12 
inches (15 to 30 cm.), one can readily understand how superimposing 
shadows will complicate the roentgenogram, but the true interpretation 
will be made in conjunction with the physical signs and history. Many 

4. Lian, C. : Darbois, and Navarre, P.; Non-penetration dans la trachee 
des injections dites intra-tracheales faites par un procede simplifie, Bull, et mem. 
Soc. mcd. d. hop. de Paris 46:470 (March 17) 1922. 
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The Value of Irradiated Cholesterol in the Trcatmcn:^^-: .‘j. — 

Parsons reports a severe case of rickets in which the r* ^ ' been 
under treatment during the greater part of 1925. F:- .) the 
beginning of September, the child received cod atient, 

but with only slight improvement. During the last months oj, :^ie year 
he was admitted into the hospital, and irradiated cholesterol was adminis- 
tered with the result that the rickets was cured. 

Neurologic Symptoms in Osteitis Deformans (Paget’s Disease ), — 
Gregg reviews a series of reported cases, making further analysis of 
the neurologic observations. He states that the disease is not rare, but 
that since roentgenologic examinations have been made there is a great 
increase in the number of cases. Early in the disease the patient com- 
plains of bone pains due to pressure caused by disturbances of the func- 
tion of the nerves. Spontaneous fracture, joint pains, motor disturbances, 
neuralgia and paralysis occur. The diagnosis can generally be made by 
roentgenograms. 

Report of a Case of Solitary Fibrocystic Disease of the Humerus, 
Exhibiting Spontaneous Resolution; a Revieiv of the Literature: 
Etiology and Treatment. — Adams, in reporting a case of solitary fibro- 
cystic disease of the humerus exhibiting spontaneous resolutions, 
observes that the disease seems to fomi one of the many guises in which 
defective calcium metabolism disguises itself. He makes three divisions 
of his subject. 1. Three factors, therefore, enter into the etiology of 
fibrocystic disease: (a) vulnerable formative tissues of the metaphysis. 
especially at the upper end of the humerus and the extremities of the 
femur; (b) the site of maximum physical stress on bones, that is, near 
the shoulder, hip and knee, where strong muscles pull and twist, and 
(c) instability of calcium control, owing to defective parathyroid func- 
tion. 2. The varying degrees to which the skeleton is affected by fibro- 
cystic disease are easily explained. Thus, in the mildest cases there is 
a temporary disorder affecting one of the particularly susceptible 
regions, for example, the upper end of the humerus, and subsequent 
disappearance of the disease. In a moderate deficiency of parathyroid 
function, a solitary lesion occurs and persists, while in a severe dis- 
turbance. multiple foci manifest themselves. Finally, the diffusion of 
the disease throughout all the bones (von Recklinghausen’s disease of 
bones) may be regarded as a malignant form. 3. In the monosseous 
type of fibrocystic disease of the bones, spontaneous cure has been known 
to occur in only about 4 per cent of cases. It remains to be seen whether 
this percentage can be augmented by the wider adoption of palliative 
treatment. 


33. P.arsons. L. G.: Brit. J. 1:519 (March 20) 1926. 

34. Gregg, D. : Arch. Xciirol. S: Psychiat. 1S:6I3 (^^ay) 1926. 

35. .Adams, \V.: Brit. T. Siirg. 13:734 (.April) 1926. 
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dense shadows in the roentgenogram may be tumor masses, collapsed 
lung tissue or. cavities filled with secretion. The opacity of the iodized 
oil, 40 per cent, when introduced into the lungs of these patients will 
often' 'give Startling pictures of pathologic conditions that were not 
suspected.- 

The oil can be used in fistulous tracts to map out chronic empyema 
cavities and also bronchial fistulas, and when introduced in this way 
it rarely excites a cough. This substance has helped to show abscessed 
cavities that were connected with the empyema cavities through a 
bronchial fistula. 

In pneumothorax cases, and especially in bronchiectatic cases, iodized 
oil, 40 per cent, shows well the collapsed bronchi. 

Jacobaeus,® in a recent article, described how the iodized oil, 40 per 
cent, in pneumothorax cases has shown that bronchial tubes were seen in 
adhesions extending to the chest wall. One can easily see how it could 
be possible to sever lung tissue with the cautery in Jacobaeus’ method 
and produce empyema and probably death. 

To summarize the value of bronchography, it is of great benefit, in 
combination with careful physical examination, to those who have had 
considerable experience with suppurative lung conditions. It should not 
be used in any case in which simpler methods can be used. It shows 
excellently the bronchial tree with abnormalities present, and when 
properly used it is harmless. 

The first method is recommended for children and the fourth and 
fifth methods for adults, and the second and third methods when bron- 
choscopy is performed for other purposes. The fifth method should be 
tried in adults before attempting the more complicated ones. If unsuc- 
cessful, then the fourth is the method of choice. 

Recently, Iglauer ® devised an intubation tube which prevents regurgi- 
tation of the oil. While this method has much to commend it, one 
should use means with as little instrumentation as possible to obtain the 
desired roentgenogram. 

5. Jacobaeus, H. C. : On the Cauterization of Apex Adhesions and the 
Importance of Bronchography in Pneumothorax Treatment of Tuberculosis, 
Acta Tuberc. Scandinav. 1:1 (Jan.) 192S. 

6. Iglauer, Samuel : Use of Injected Iodized Oil in Roentgen-Ray Diagnosis 
of Larjmgeal, Tracheal and Bronchopulmonary Conditions, J. A. M. A. 86:1879 
(June 19) 1926. 
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is never .used in children. A swab of 20 per cent cocaine solution is carried 
through.:- jhe larynx, using the direct laryngoscope prior to the introduc- 
tion of the. bronchoscope in adults. After the introduction of the bronchoscope the 
secretions are. thoroughly aspirated and a 20 per cent cocaine solution is applied 
by means of swabs to the trachea and bronchi, particularly to the portion of 
lung that it is desired to examine. The excess of cocaine solution is aspirated. 



Fig. 1.— A patient, aged 24, with abscess of the left lung; there is an opaque 
area of uniform density in the left lower lobe. 


In children aspiration through the bronchoscope is carried out without^ tie 
application of local anesthesia. If bismuth subcarbonate is to be used, it ^is 
insufflated into the area desired, and the patient is sent to the roentgenologist 
and should not cough until after the roentgen-ray examination. If iodized oil, 
40 per cent, is used after the insertion of the bronchoscope and aspiration o 
secretions and anesthetizing with cocaine, the portion of the lung that it is 
desired to examine is placed at the lowest level by raising or lowering the hea 




BRONCHOGRAPHY 

INJECTION OF IODIZED OIL. 40 PER CENT ^ 

J. J. SINGER, ]\I.D. 

ST. LOUIS 

In the study of the roentgenograms of the cliest of patients who have 
had a bismuth or barium meal for gastro-intestinal study, one occasionally 
encounters a startling picture of the bronchi outlined by barium. This 
accident is due to a fistulous tract caused by ulceration of the esophagus 
into the trachea. It has been noticed in these patients that fits of cough- 
ing occur during the swallowing of the barium. We have learned to 
look for ulceration of the esophagus in patients who suddenly begin to 
cough during a gastro-intestinal examination. 

Jackson ^ of Philadelphia introduced bismuth subcarbonate in finely 
powdered form through a bronchoscope into the lobe of the lung that 
he wished to study. He obtained excellent roentgenograms by this 
method. Owing to the fact that bronchography through a bronchoscope 
requires the greatest skill, it was natural that such a practice did not 
become popular. Since the introduction of iodized oil, 40 per cent, as 
suggested by Sicard and Forestier,^ we have been able to perform lung 
mapping without any danger to the patient and with considerable value 
in diagnosis. 

There are five methods of introducing iodized oil. 40 per cent: 

1. Through a trocar needle, resembling a tracheotomy tube, into 
the trachea, under sterile precautions.® 

2. Under direct laryngoscopic examination with the patient lying on 
the back, with the head extended over the table. 

3. Through the bronchoscope introduced directly into the lung. 

4. Through a tracheal catheter introduced under indirect illumination 
of the larynx. 

5. By the injection into the pharjmx of 20 cc. of oil, while the patient 
pulls out his tongue as far as possible. The patient should be trained 
to take many successive deep breaths following the injection of the oil. 

* From the Department of ^Icdicine and Surgerj', Washington University 
School of Medicine, and Barnes Hospital. 

1. Jackson, Chevalier: Bronchoscopy and Esophagoscopy, Philadelphia, W. B, 
Saunders Company, 1922. 

2. Sicard, J. A., and Forestier, J.; General Method of Radiological Explora- 
tion with Iodized Oil, Bull, et mem. Soc. med. d. hop. de Paris 46:463 (March 10) 
1922. 
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REPORT OF CASES 

Case 1.— The posterior division of the left lower lobe bronchus was com- 
pletely blocked by a plug of inspissated secretion. It was necessary to remove 
the plug with the forceps before the bronchus tributary to the diseased area 
of lung could be entered. The patient, a man, aged 24, who gave no previous 
history of pulmonary disease, developed pneumonia. He was ill for a period of 



Fig. 3. — Same patient as shown in figure 1 after bronchoscopic aspiration of 
the pus and introduction of iodized oil into the posterior division of the bronchus 
of the left lower lobe; the cavity with the abscess is outlined by the opaque sub- 
stance. The patient made a complete recovery following seven bronchoscopic 
treatments at weekly intervals (roentgenograms by Drs. H. K. Pancoast and 
E. P. Pendergrass.) 

ten days, with signs and symptoms tj'pical of lobar pneumonia. The tempera- 
ture became normal by crisis ; the productive cough subsided at the end of 
another week, and the man was discharged from the hospital. The patients 
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The initial coughing rapidly abates with the anesthesia c/ . me tracheal mucous 
membrane. The operator then attaches the syringe containing the iodized oil. 
40 per cent, and begins the injection, which should not be too rapid. During the 
course of the injection or immediately afterward, it is wise to elevate first one 
side of the patient and then the other in order to facilitate the distribution of. 
the oil. If it is suspected that one side onlj* is affected, the lower position for that 
side may be maintained entirel 3 '. From 8 to 10 cc. of oil suffices, as a rule, to 
inject the bronchial tree of one lung in children aged from 7 to 14 years, and 
requires from six to eight minutes or less. 




Fig. 1. — Normal distribution in patient sitting upright of iodized oil, 40 per cent, 
injected into both lungs at the same time. 

SECOND METHOD ^ 

The second method can be used onh- b^- larj-ngologists especially trained for 
this work. The advantage of this method is that the operator can diroctlj' 
visualize the vocal cords and introduce a tube into the trachea, through which 
the iodized oil, 40 per cent, can be injected. 

Before the injection is begun, the patient is told that he will ucl a di.'agrecahle 
pressure on the neck, and will probably think that he is being choked. It is 
necessary to explain to him that the procedure is harmless and absolutely free 
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cated with the bronchus. Roentgen-ray examination the following day showed a 
fluid level in the area that had previously shown a uniform density, indicating a 
partial reaccumulation of pus following aspiration (fig. 2). 

Tb'drzed oil, 40 per cent, was then introduced bronchoscopirally, after the 
lung Ifed ■ been aspirated free of pus, and a ‘cavity of considerable size was 
outlined in the posterior portion of the left lower lobe (fig. 3). Bronchoscopic 
treatment w&s continued, and the patient is now well. The lung is entirely clear. 



Fig. 5. — ^Abscess in the posterior portion of the lower lobe of the left lung 
after the bronchoscopic introduction of iodized oil (roentgenogram by Dr. 
E. J. Bertin). 


In this case, without the removal of the plug in the bronchus it would 
have been impossible to introduce iodized oil, 40 per cent, into the cavity. 

Case 2. — woman, aged 51, had had a tuberculous infection of the left 
lung two years before admission. Under the care of Dr. Lawrence Flick of 
Philadelphia, she had gained 35 pounds (15.9 Kg.) in -weight and had been in 
good health until eight months before her admission, when she developed 
influenza with pulmonary s 3 'mptoms. She had not completelj' recovered from 
tliis illness. Cough with profuse purulent e.xpectoration had persisted, with 
irregular fever at times and toxic symptoms. Roentgen-raj' examination showed 
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wait five minutes or more until the cough reflex is entirel}' abolished. If this 
does not result, it is useless to attempt the introduction of the oil as the oil will 
immediately be coughed out and will probably be swallowed. 

The oil should be slightly warmed before it is used, as the operator will find 
it difficult to force the substance through the tracheal catheter. 



Fig. 2. — Patient O. G., March 25, 1926, after thoracoplasty for tuberculosis; 
the bronchial tree is not visible. 


When the patient is ready for the introduction of the tracheal catheter, he 
may be in a sitting position. Under the indirect illumination of the pharyn.'; and 
larynx, the tracheal catheter or even an ordinary urethral catheter is introduced 
between the cords into the trachea. The warm oil is now injected throut>h the 
catheter into the lung, and the patient immediately placed in the position that 
the examiner wishes to outline. That is, if the right lower lobe is the jliseased 
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Fig. 7. — Tube set for instillation of iodized oil. The set consists of a straight 
flexible tipped (Lynali) tube and a curved flexible tipped (Lynah) tube to get 
around the corner; tubes are graduated at 5 cm. intervals to measure the depth 
of insertion. A rubber tube is interposed, between a Luer syringe connection and 
the tube so that flexibility is obtained between the tube held by the bronchoscopist 
and the 20 cc. syringe that contains the oil for instillation. 



Fig. 8. — The bronchoscopic bismuth insufflator, devised by Dr. L. H. Clerf, 
consists of a flexible tipped tube (A), straight tube (jB), gutter carrier for powder 
(C) and a hand bulb for insufflation. 
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Fig. 3. — Patient O. G., May 20, 1926, after the injection of iodized oil, 40 per 
cent, into the left lung ; the bronchi are collapsed and no finer lung markings are 
visible. 



PNEUMONOGRAPHY with iodized oil, 40 PER 
CENT, BY THE BRONCHOSCOPIC METHOD 

THE BRONCHIAL TREE, WITH OBSERVATIONS MADE FROM 
ONE HUNDRED INJECTIONS * 

DAVID H. BALLON, M.D. 

AND 

HARRY C, BALLON, M.D. 

MONTREAL 

Accurate anatomic studies of the bronchial tree, the result of investi- 
gations by the various methods of injection in postmortem specimens, 
were made many years ago. These methods had many disadvantages. 
In order to be successful, they usually had to be carried out with a 
fusible metal. The resulting casts of the bronchial tree were necessarily 
incomplete. It was impossible to control the rate of injection-flow of 
this not easily diffusable metal. The postmortem changes in the tissue, 
the obstruction from accumulated respiratory secretion, as well as the 
inability to maintain a uniform pressure, were some of the factors that 
produced what must be considered as an imperfect representation of the 
bronchial tree. For, although the relationship to the heart and great 
vessels was in many instances demonstrated, an outline of the pulmonary 
parenchyma and bony thorax was found to be lacking. Naturally, such 
studies in the living subject made with a readily injectible and easily 
diffusible substance offer much greater opportunities for studying and 
understanding both normal relationships and pathologic conditions. 

In this connection, however, it is well to appreciate that even in 
injections made in the living, there are many factors which may influence 
or alter the resulting picture. These will be mentioned in the course of 
the article, as these factors must be taken into account in interpreting 
the roentgenograms of the injections. 

The advantages that iodized oil, 40 per cent, has over the other 
agents that have of late been employed to outline the bronchial tree 
have been considered elsewhere.^ Suffice it to say, that in contrasting 
past and present methods, one but emphasizes the fact that various- 
methods seek to achieve the same results by different procedures. 

♦From the bronchoscopic and surgical departments of the Royal Victoria 
Hospital. 

1. Ballon, D. H. : The Injection of Lipiodol as an Aid in the X-Ray 
Diagnosis of Bronchopulmonary Lesions Including Tuberculosis, Preliminarj’’ 
Report, Canad. M. A. J. 15:995-999 (Oct.) 1925. 



TECHNIC OF BRONCHOSCOPIC INTRODUCTION OF 
BISMUTH SUBCARBONATE AND IODIZED OIL. 

40 PER CENT, FOR PNEUMONOGRAPHY 

GABRIEL TUCKER, :M.D. 

PHILADELPHIA 

The introduction of the radiopaque substances, bismutli subcarbonaie 
and iodized oil, 40 per cent, into the lung for pneumonography has been 
found to be hannless when limited quantities are used. The substances 
themselves are readily coughed out, and during their sojourn in the 
lung have a medicinal value (fig. 6). 

The bronchoscopic method of introduction gives a direct examination 
of the trachea and of the main bronchi of each lobe of the lung. In 
addition to the diagnostic value, the bronchoscopic method permits of 
the removal of obstructing secretions and granulations, and when an 
organic stenosis of the bronchus exists, it allows of the introduction 
of the substance by sight through tlie stenosis into the portion of lung 
distal to the narrowed brondius. By this method the substance can be 
accurately placed in any desired portion of the lung and a positive pneu- 
monogram obtained with the minimum quantity of opaque substance. 

Bismuth subcarbonate, when insufflated bronchoscopically after 
thorough .aspiration of secretions, will outline satisfactorily the tracheal 
and bronchial walls and bronchiectatic cavities of the larger bronchi. 
Iodized oil, 40 per cent, is most satisfactory in the periphery of the lung 
and where the abscess cavity communicates with the smaller bronchi. 
The cavity should be aspirated as free of pus as possible because, 
although iodized oil, 40 per cent, will displace air in the cavity, it will 
not so easily displace pus that fills the cavity completely. After aspira- 
tion iodized oil, 40 per cent, should be introduced through a flexible 
tipped lube into the larger tributary bronchi and be allowed to flow into 
the abscess cavity by gravity, the patient being placed in the projicr 
position to accomplish this. 

TECHNIC 

The technic is that of bronchoscopy, with the addition of the introduction of 
the opaque substances througii the bronchoscope. Tiic bronchoscopic technic is as 
follows: The patient is prepared by withholding all food for si.': hour.*;. One 
hour before operation, morphine sulphate, one-fourth grain, and atropine sulphate, 
%ri 0 ffrain, arc given to adults. Tiic patient is brought to the operating rryirn 
on a litter. Two applications of 10 per cent cocaine solution are ma<k- at live 
minute intervals to each pyriform sinus. The patient is then jdaced on the 
table in the dorsal rccuml)cnt position and the bronchoscope introduced accord- 
ing to the Jackson technic. In children under 12 year.« of age a proportionate 
dose of morphine and atropine is given, but no local 3nc>tl'.etic i< ti^vd. Cocaine 
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of infants contain the same elements as those of the adult, their size 
only being different. The subsequent growth would appear to be 
dependent o'h an increase in the size of the alveoli without any addition 
to thdr 'number. 

The roentgenographic appearance of the normal bronchial tree after 
the injection of iodized oil, 40 per cent, at various age periods likewise 
appears to be constant. 

The larger tubes possess only as much cartilage as will ensure their 
patency, and are not in the ordinary sense rigid tubes. The smaller 
bronchial tubes are totally deficient in cartilage and receive instead of 



Fig. 1 (case 1). — Centrally placed trachea with long main stem bronchus 
and rather wide tributaries in a person with a long thick chest; 20 cc. of 
iodized oil had been injected. The underlying condition is an abscess of the 
lung in the right lower lobe; the abscess cavity is of the narrow neck type so 
that it has failed to fill; the iodized oil has reached the alveoli at the base of 
the left lung (roentgenograms by Dr. A. H. Pirie). 

give support. They are thus frequently the site of disease. Of their 
elastic and connective tissue no mention need here be made. 

The trachea lies normally slightly nearer the right upper lobe than 
the left and nearest the right upper lobe at its bifurcation (fig. !)• 
Bifurcation usually has been stated as taking place at the level of the 
superior border of the fifth thoracic vertebra. Injections have shown 
that this may vary frequently, even in the normal subject. The left 
bronchus is more oblique and smaller than the right, which is short 
and wide, and passes down as a direct continuation of the trachea. The 
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of the table and by turning the patient on the side to be examined. The oil is then 
injected through a flexible tipped instillation tube. The tube is 'yithdra\\'!i. and the 
patient’s position is maintained after the withdrawal of the bronchoscope while the 
patient is sent to the roentgen-ray room on a litter. The injection may.be made on 
the fluoroscopic table after the instillation tube is introduced by sight. This assures 
correct localization. The roentgenograms can be made, of course, on the same 
table, if the apparatus will permit it. In the introduction of iodized oil, -10 i>er 
cent, it is important that it be placed in the larger bronchi and allowed to go 
into the periphery of the lung by gravity. 



Fig. 2. — Same patient as shown in figure I. A plug of inspis.sated secretion 
was removed from the posterior division of the bronchus of the left lower lobe 
bronchoscopically. The rocJitgenogram, made the day following the bron- 
choscopic aspiration, shows a fluid level in the area that was uniformly dense 
before aspiration, indicating that there had been some reaccunutlation of fluid in 
the abscess. 

In a number of patients I have fonml bluckin" of the bronchi by 
granulations, organic stenosis or inspissated secretions so e.xtensive that 
the opaque substance could not be introduced without inc-chanicnl reinoYal 
of the obstruction by means of forceps or dilatation. I repi^rt two illus- 
trative cases. 
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c 9 nnection. it is well to remember that the position of the patient during, 
the.performance of an injection should be considered before injection as 
well as fa.fter .injection; for when injection is carried out with the 
patient living on his back, the posterior half only may inject; so, too, with 
the pati,eut in the su.ting position, the anterior half may be more readily 
filled. Lateral views .wjll help to show this. 

Reh.lion of the Circulation to the Bronchial Tree. — The branches of 
the pulmonary artery follow closely the course of the bronchial tree, 
tlividing rnore frequently, however, in their remote ramifications (fig. 2), 
Pulmonary veins accompany the bronchi and arterial branches for but 
short distances. They deviate in direction from them frequently. They 
are neyer parallel to the bronchial tree, which they cross repeatedly. The 
arterial system may be said to be a fairly close reduplication of the 
bronchial tree. The artery and the bronchus enter the lung from above, 
the vein approaches it from below. Therefore, if we but consider the 
many branchings of the bronchial tree, the manner in which the circula- 
tion both follows it and crosses it, we cannot but feel that ordinary 
roentgen ray has a difficult task to demonstrate anything but broad 
markings of the normal bronchial tree. The nonbranched portion and 
those branches which extend posteriorly from the hilum to the base 
are the more common branches to show up. 

Of the lymphatics, we may state that on observing the disappearance 
of iodized oil from the lung, some of it appears to go to the glands at 
the hilum of the lung, where it may persist for a considerable period of 
time, presenting the appearance of a calcified gland. 

Abnormalities of the Bronchial Tree. — Injections have shown that 
variation of the level at which division of the trachea takes place 
normally is not rare. Variation is frequent in disease, particularly in 
those conditions in which there is marked fibrosis or pressure effects, as 
in chronic fibroid phthisis, disease of the mediastinum or pleura, or 
in cases of bronchiectasis in which peribronchial induration has produced 
much distortion of the bronchial tree and altered the position of the 
moA^able points of the main bronchi. One might expect, and injections 
verify the belief, that in cases in which the diaphragm is raised and 
adherent, the pleura thickened and the heart displaced, the bronchial 
tree will often be redundant, particularly in its main stems. So, too, in 
chronic fibroid disease it does not seem unlikely that during the process 
of fibrosis there should result a distortion of the bronchial tree. For 
contracted ribs and scarred apex, as well as the altered position of an 
adherent and partially immobilized diaphragm, must with the progress 
of time appreciably alter the contour and position of a dilatation or 
cavit}-, particularly of the bronchiectatic type. Is this nature’s attempt 
at rest? Is one also to feel that in a person whose lung shows much 
fibrosis, and who has been ill for a long time, the benefits to be obtained 
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condition did not improve as rapidly as is usual in such cases. He failed to 
gain strength and weight, and had a slight, unproductive cough. ENaniination 
of the chest showed evidence of a pathologic process in the left lower lobe 
posteriorlj'. The pleura was clear. There was no fever and no cvpcctoration. 
Roentgen-ray examination showed a shadow of unifonn densitj' in the left 
lower lobe (fig. 1). The man was referred to Dr. .Stengel's service at the Imivcrsity 
of Pennsylvania Hospital. The question arose as to whether the lesion i.-i the 
lung was an unresolved pneumonia lesion or a tumor. Diagnostic bronchoscorv 
was requested, and on examination of the left lung no abnormal secretion was 
found in the left main bronchus, but the orifice of the posterior division of the 



Fig. A — A woman, aged SO, with compression stenosis of the left main bron- 
chus and bronchiectasis, after the insufliition of bismuth stibcarbonatc hron- 
choscopically ; there is stenosis of the left main bronchus, with dilatation of the 
larger bronchi in the upper and lower lobes of the left lung (roentgenogram by 
Dr. H. Iv. Pancoast), 

bronchus of the left lower lobe was found completely blocked by a v.hiti>-h 
substance that could not be removed by aspiration. It had the appearance of a 
foreign body. The bronchial mucosa surrounding it wa^ inflammatory and 
thickened. The plug of organired secretion was removed witli f*.rcej'i> and 
was found to extend about a centimeter into the bronchus. ,-%ft<T its removal, 
a considerable quantity of blo<'d stainefl pu> w.-is di'cliaree-l into tr.e stem 
bronchus, and an additional amount was aspirated from tlit ab'C> '' that c -mmun:- 
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advantage in empyema with bronchial fistula in determining the amount 
of expansion of the lungs and the degree of obliteration of the empyema 
cavity. 

At the present time, both methods are being employed, roent- 
genograms being taken in the anteroposterior position, lying and sitting, 
and in the lateral prone and standing positions! During inspiration, a 
general expansion of bronchi and bronchioles begins near the hilum 
and spreads in all directions. The greatest expansion is downward, 
at and near the hilum, less outward about the midlung, and least upward 
at the apex. Near the diaphragm the, respiratory movements in the 



Fig. 3 (case 3). — ^Respiratory movements in bronchiectasis after the injection 
of 20 cc. of iodized oil : a double exposure taken on one film during deep 
inspiration and full expiration, with the patient in the dorsal decubitus position. 
The shadow cast during inspiration is larger than that during expiration. The 
rib movements and the excursion of the diaphragm should be noted, 

bronchioles are upward and downward, with excursions of about half an 
inch (1.2 cm.). As the middle of the lung is approached, the movement 
is more or less horizontal. Observations on the lung parenchyma are less 
definite than in the bronchioles, owing to the diffuse shadow cast by the 
parench}Tna. The darker shadows observed in some areas of the lung 
are due to superimposed iodized oil. During inspiration the iodized oil 
separates; during expiration it is jammed together and is therefore 
cloudy (fig. 3), 

Rib movement normally is equal and is about one-fourth to three- 
fourths inch. The movement of the clavicle is more than 1 inch 
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distal to the Stenosis, After aspiration of pus through the stenosed bronchus, 
the innifdatiiin tidte was introdticed and the area of lunf;: distal to the narrowed 
brtiticluis was insufllated. llisinnth sulnvirlxmate was insufflated also in the bronchus 
alKive the stetto.sis and in the trachea at the bifurcation. The pueuinonoprnm 
demon.sirales the stenosed bronchus, as well as the dilatation of the bronchi distal 
to the j)"ini of .stenosis (fip. 6). 

Merc the blind introduction of the o])aqttc .substance would 
have failed t<; }jive a satisfactory pneumonogram, because it was neces- 
sary to dilate the stenosis before the bismuth subcarbonale could be 
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grams taken in varying lateral positions are often definitely different, 
and at times demonstrate how one can draw conclusions as to the 
effects of posture. 

One should then sum up all information obtained, and attempt to 
explain signs and symptoms on the basis of observations that have 
been made, for only in this way can prognosis be made. Before under- 
taking treatment, particularly in conditions of the bronchial tree which 
are so often chronic and extensive, it should be made certain whether 
the complaints are amenable to treatment. 

DISEASES OF THE BRONCHIAL TREE 

Diseases of the bronchial tree may be classified as those that act as a 
hindrance to respiration or those that affect the lumen by forces either 
from within or without. They are often but expressions of abnormal- 
ities. The trachea is often the seat of inflammations which are usually 
secondary. Displacements and deviations of the trachea are likewise 
due to extratracheal mechanical factors. The role of the foreign body, 
which has been so admirably described by Jackson,^ or tracheo-esophageal 
fistula, needs only to be mentioned. An enlarged thyroid gland, partic- 
ularly of the substernal type, as well as intrathoracic swellings, may 
alter the shape of the trachea considerably, acting purely as mechanical 
factors. The main bronchi in their extrapulmonary and nonbranched 
intrapulmonary portions by virtue of their position are naturally fre- 
quently subjected to stress and strain. They may be the site of stenosis 
and new growth. Enlarged glands about the hilum may give expression 
to their existence by pressure, and as such are being recognized as an 
etiologic factor in the production of certain types of bronchial asthma. 
The branched intrapulmonary bronchi are the most frequent sites of 
disease, such as bronchiectasis, putrid bronchitis, bronchiolitis and 
bronchiolectasis. 

With regard to bronchiectasis, the true congenital or atelectatic type 
is rarely encountered. Bronchiectasis in which the dilatations are 
marked and the cough and expectoration relatively slight, is so 
frequently encountered in children, however, that one feel that dry 
bronchiectatic dilatations often may be present from birth, at least for 
many years before they attract attention. Several cases of what the 
French call “forme seche hemoptoitaque de la dilatation des bronches 
have been reported by Bezangon ® and others. Table 1 illustrates our 
classification of bronchiectasis, made possible by iodized oil. 

7. Jackson, Chevalier: Chronic Nonspecific Infections of the Lungs, J. A. 
M. A. 87:729-736 (Sept.) 1926. 

8. BezanQon; Weil; Azoula}', and Bernard: Forme Seche HemoptoTque de 
la Dilatation des Bronches, Presse med. 32:157-159 (Feb. 20) 1924. 
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This ropori is an acouinulation of facts, the results of observations 
following ijijections atul dissections. Only those observations .which 
may serve ns a clinical aid are recorded. 

.\ti:T lions 

Jn our investigations the bronchial tree in the living wa.s r je^'led 
with iodized oil, *10 |H;r cent, by the bnnicho.scopic method. 

Dissections in fresh sjieciinens were carried out under water. 
Sodium iodide, 12 jier cent, as well as iodized oil, *10 per cent, was used 
to inject the bronchial tree in postmortem specimens, but both were found 
to give poor results. The blood was injected with barium sulphate in 
gelatin after Gross* " method, and stereoscojiic roentgenograms were 
taken. The bronchial tree was then injected with paraffin and its rela- 
tionship to the circulation studied. 

i*i*Ncrinxs .\.\n cu.miactkui.stics ok tiik imoxciiiAL tree 

Pitneiions. — 'J'he bronchial tree, in addition to its main functions, 
acts as a supporting substance to the alveolar structure. Its various 
fixed and movable points are important factors in the performance of 
the various respiratory movements. In addition to respiratory move- 
ment, the bronchial .system has also as it.s function not only the admit- 
tance of gases, but also the discharge of fluids an dmucus. 'i'hcrefore, 

one must also consider the normal contractilitv of the bronchus as a 

# 

factor in expelling secretions and in the performance of respiration. 
This has been admirably looked after in that the system consists of 
central tubes of large diameter which receive short tributaries. The 
centra! tube is larger in a long, thin chest, while in a thick chest it is 
shorter and wider, the tributaries being longer. 

General Consulerations. — :\ clinical knowledge of the many bronchial 
Ijranchings does not aj>pcar necessary, although some appreciation of 
the more common divisions and the princi])lcs which govern these divi- 
sions is required. The position and arrangement of the larger tubes 
are fairly constant in man. The main bronchi are unequal, yet it would 
appear that they are the jiroducts of a bifurcation. Their inequality is 
probably due to the position of the heart. It is almost an invariable rule 
that of two diverging bronchi, the smaller one diverges most from the 
position of the parent tube ; this also holds good for the tracheal bifur- 
cation, the left product of which is more oblique as well as smaller than 
the right. It has been proved by calculation by Ewart ® that the lungs 

2, Gross, Louis: The Blood Supply to the Heart, New York, Paul B. 
Hoeber, 1921. 

3. Ewart, William: The Bronchi and Pulmonary Blood Vessels, London, 
Baillicre, 1889. 




Fig. 8 (case 8). — Bronchiectasis of the bronchiolar type, showing bead 
formation, after the injection of 20 cc. of iodized oil into the right lung 
(patient of Dr. W. F. Hamilton). 



Fig. 9 (case 9). — Tuberculous bronchiectasis of the diffuse type, resembling 
the fingers of a glove, after the injection of 30 cc. of iodized oil into t c 
bronchi. This type, which extends well to the peripherj’, responds well to 
methods of compression (patient from Dr. Edward Archibald's service). 
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Since iodized oil has been introduced into roentgenology, it has 
been noted that the treatment of the associated bronchiectasis plays no 
small part in the-problem of the surgery of pulmonary tuberculosis. 

In our classification of bronchiectasis, we feel that the fact as to 
whether the bronchiectasis extends well to the periphery or is purely 
confined to the medial and lower half of the lower lobe should be of 
importance in estimating the amount of compression that thoracoplasty 
will produce (fig. .11). In the former case, when dilatations extend to 



Fig. 11 (case 10). — ^Tuberculous bronchiectasis following a third stage of 
thoracoplasty, after the injection of 25 cc. of iodized oil, Feb. 18, 1926. This 
roentgenogram illustrates how further compression may fail to affect this type 
of bronchiectasis (patient of Dr. Edward Archibald). 

the peripher 3 % methods of collapse should undoubtedly in many cases 
remove these factors, which have produced and caused these dilatations 
to persist. In the latter instance, when the dilatations are basal, the 
result after further collapse maj'^ not be so complete. 

Iodized oil sinks onty to a certain level in a bronchiectatic tube, and 
persists longer if respirator}’- movement is insufficient. Is phrenicotomy 
beneficial in such a case, that is, in cases in which thoracoplasty also has 
been performed and the t^-pe of bronchiectasis already described has 
persisted ? 
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from further methods of collapse must often of necessity 'be' of ‘^ues-’ 
tionable value? Only observations made before and afte!r itijiictibii’wiir 
reveal what surgical methods have to offer in these niUny alid -'varied' 
types of lesions before the undertaking of treatment . ■- : 

It becomes obvious that stenosis or compressions' Of bronchi prevent 
the filling up of the corresponding area when injected. Tiie ntore cdlil- 
mon stenoses which affect the nonbranched intrapulmoj^-ary poFtibii of 
the bronchial tree are usually inflammatory in origin' although' they a-l'e' 
not infrequently due to' neoplasm. Behind these- s'tenoses there may be' 
an associated lesion, such as bronchiectasis or abscess. It has recently 
been pointed out by one of us,® in a review of ninety-four cases* 'pf 
abscess of the lung, that where there are open bronchi communicating 
with an external wound, a previously stenosed bronchus may bdfcome 
a dilated one, while in the process of repair further bronchial dilatations 
may develop and persist. 

The branched pulmonary portion of the bronchial tree may likewise 
be affected by acute diseases of the pleura and lungs. Typical pneu- 
monia, which terminates in chronic induration, may lead to thickenings 
and adhesions about these bronchi. 

The terminal bronchioles are so intimately associated with the alveoli 
that lesions of the latter are certain to affect the former. Bronchial 
tubes do not anastamose; true dilatations, therefore, cannot.be due to 
fusions. The T shaped branchings may, however, lead to culdesac 
formation, particularly in the lower lobe, which is the common site of 
bronchiectasis in children. These sacculations have been seen to reach 
the size of a hen’s egg. 

STUDIES OF respiratory MOVEMENTS 

In the first studies of respiratory movements by one of us,® inspira- 
tion and expiration were registered on separate roentgenograms. Later, 
a double exposure was made on the same film, during deep inspiration 
and full expiration. A double shadow is thus cast, in which the shadow 
cast during inspiration is larger than that during expiration. In this 
way, one can compare the changes occurring in the bronchi and bronchi- 
oles during respiration. This method may also be employed with 

4, Ballon, D. H. : Primary Carcinoma of the Bronchus with Abscess of 
the Lung, to be published. 

5, Ballon, H. C. : The Value of Lipiodol in the Diagnosis and Treatment 
of Abscess of the Lung, to be published. 

6, Ballon, D. H. : Lipiodol in the Diagnosis of Bronchopulmonary Lesions 
by the Bronchoscopic Method: Report of Fifty Cases, Arch. Otolaryng. 3:403- 
422 (May) 1926. 
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FACTORS THAT AFFECT THE FLOW AND DISTRIBUTION 

OF IODIZED OIL 

Many factors normally affect the flow and distribution of iodized oil 
through the bronchial tree; the method of injection and the position of 
the patient have been referred to. In disease, the amount and the nature 
of the secretion in the tubes has likewise been noted. The broncho- 
scopic roentgenogram showing the caliber of the tubes during respira- 
tion and j in various positions reveals well the benefits of postural 
ireatmerit. Although the cough reflex helps to expel secretions from 
bronchie.ctatic tubes, the patient with bronchiectasis will often state that 
the Qiily. times he is able to bring up the really heavy sputum is when 
the Carina is irritated or he becomes overheated. This sputum is usually 
present in the dilatations beyond the level of injection, and otherwise can 
often be brought up only by bronchoscopic aspiration. When iodized 
oil is emplo3’'ed by the bronchoscopic route, it should yield information 
that will help to increase the good results of postural drainage ; it should 
reveal the shortcomings of present methods. 

ROENTGEN-RAY REPORT ON THE BRONCHIAL TREE 

The usual roentgen-ray reports on the bronchial tree are unsatisfac- 
tory and often confusing. Such reports as “calcification at the 
root of the tree and intensification of the bronchial tree through both 
lungs” are often disconcerting. A report of this nature in the presence 
of chronic cough and expectoration not only fails to give any informa- 
tion- as to the site and extent of the disease, but suggests that the condi- 
tion is bilateral. In the absence of a positive shadow, the patient is 
placed on sj’mptomatic treatment, and is told to report to an outdoor clinic 
for observation ; years often go by before a positive diagnosis is made, 
^lan}' of these conditions are bronchiectatic, and although it is perhaps 
c.xpecting too much to hope for many cures in chronic bronchiectasis, 
still one should be able to produce more improvement and prevent 
certain conditions from progressing. 

The limitations of the ordinary roentgen-ray report of the bronchial 
tree, however, must be expected. For as we have already noted, it is 
normal frequently for the bronchial tree to divide, and it is so repeatedly 
crossed In* part of the pulmonar)* circulation that one can hardly expect 
anything but a mere outline of the main stems. In diseases affecting 
the bronchial tree, the branches must frequently be bent. Peribronchial 
inflammation and adhesions must likewise affect the picture. 

V,-\LUE OF POSTURAL DRAINAGE 

The value of postural nonsurgical drainage is entirely dependent on 
the type of lesion, its site and the nature of the underlying pathologic 
lesion. .-\ narrow, partially rigid tube affected by stenosis will not 
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(2,5 cm.), and seems to be greater in tlie direction of the apexes than 
toward the base. Is this to be interpreted as a movement which is 
purely an expression of accessory muscles of respiration? All movement 
converges to the hilum, lateral movement at the hilum being about 
1 inch. The outer movement is inspiration and the inner movement 
expiration; that is, the movement from periphery to midlung is that 
of expiration, while the reverse is that of inspiration. The heart move- 
ment may also be seen in some of the pictures. It is for -that reason 
that inspiration and expiration should be taken rapidly, one following 
on the other. 

The excursion of the diaphragm should be observed, and compared 
with lung movements at various levels. The movement of the dia- 
phragm and bifurcation, which is usually upward and downward, also 
should be noted; likewise, variations in the appearance of the arch 
of the diaphragm, which is larger during inspiration than it is during 
expiration. 

Studies in respiration are incomplete unless the ordinary examination 
of the chest, the bronchoscopic roentgenogram and the fluoroscopic 
appearance are recorded. The following brief paragraph illustrates 
some o£ the observations that can be recorded during a bronschoscopic 
examination that includes an injection of iodized oil. They will serve 
in many instances not only as an aid to treatment but as a definite help 
in estimating the prognosis. 

OBSERVATIONS TO BE MADE WHILE* PREPARING THE PATIENT 

While anesthetizing the larynx one may observe the nature and 
amount of sputum that is coughed up. This may be compared with 
what is brought up by bronchoscopic aspiration and posture. The 
rigidity or flexibility of the bronchial tubes as well as the respiratory 
movements at the carina should be noted, and cultures should be taken. 
A bronchoscopic diagnosis should then be made. The general condition 
of the patient up to this point serves as an index as to the amount of 
iodized oil that should be injected, and the amount of time that can be 
expended during the balance of the examination. The interval that 
elapses following the taking of the roentgenograms as well as the 
activity of the cough reflex, and the amount of sputum raised during the 
taking of roentgenograms, should then be recorded. 

The roentgenograms should then be studied with the roentgenologist, 
as only thus can complete report be made.- Roentgenograms taken with 
the Bucky diaphragm are usually much clearer and usually give greater 
detail. Differences should be noted ; one should likewise not be satisfied 
with a single roentgenogram in one position. A series of roentgeno- 
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SUMMARY AND CONCLUSIONS 

In the Jiving subject, the bronchial tree was injected with iodized oil, 
40 per cent, by the bronchoscopic method; in postmortem specimens, 
it was injected with paraffin. The blood was injected with barium 
sulphate 'n gelatin, and its relation to the bronchial tree was considered. 
The physiology of respiration in the normal and pathologic lung was 
studied. 

Lung abscesses were classified after studies made following the 
injection of iodized oil. 

At various age periods, the appearance of the normal bronchial tree 
after ffie injection of iodized oil appears to be constant. 

Abiiormalities of the bronchial tree are frequent in chronic fibroid 
phthisis, 1 diseases of the pleura and mediastinum and bronchiectasis. 

Bronchial stenosis is often found to be associated with bronchiectasis 
or pulmonary abscess. 

The branched intrapulmonary bronchi and bronchioles are the mosi 
frequent sites of bronchiectasis, putrid bronchitis, bronchiolitis and 
bronchiolectasis. 

The bronchial tree after extrapleural thoracoplasty for tuberculosis 
may undergo numerous changes, and becomes a large tube associated 
with localized or generalized bronchiectasis at the base. When the 
bronchiectasis extends to the periphery, methods of collapse should give 
better results than when the dilatations are basal. 

Iodized oil by the bronchoscopic method is an aid and a guide in the 
selection of suitable cases for the thoracic surgeon, and in the prognosis 
and treatment. It makes it possible to treat each case individually, and 
increases the good results obtained by postural drainage. 

Ordinary roentgenograms of the bronchial tree are unsatisfactory 
and often confusing, owing to the fact that the bronchial tree divides 
frequently and is repeatedly crossed by part of the pulmonary circula- 
tion. It fails to give any information as to the site and extent of the 
disease. 

The importance of the accurate interpretation of roentgenograms 
made following the injection of iodized oil must be emphasized. A 
positive shadow cast by an injection which cannot be adequately 
explained on the basis of clinical history, signs, symptoms and a broncho- 
scopic examination should not be considered. A typical shadow when 
substantiated by a clinical picture allows of no discussion. 
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Table 1. — Classification of Bronchiectasis 


A. Clixical 

Congenital or Acquired 
Acute or Chronic 
Unilateral or Bilateral 


Unilobar or Multilobar ' " 

• Unibronchial or Multibronchial 
Bronchiolar 



Hoentgen- 
ologic 
types 
based 
on injec-,^^,^. 
tion of 
iodized 

oil, 40% Grape 



Clubbing Cj-lindric Saccular Bead Formation 


B. Pathologic 

1. Bronchiectasis, chronic infective 

2. Bronchiectasis, secondary, due to stenosis, new growth pulmonary 

fibrosis, etc. 

3. Bronchiectasis, dry with hemoptysis 

4. Bronchiectatic abscess, acute 

5. Bronchiectatic abscess, chronic with bronchiectasis 

6. Bronchiectasis, chronic, associated with abscess of the lung 

7. Bronchiectasis, tuberculous: A, diffuse; B, local 


(1) The grape formation is shown in figure 4; (2) clubbing, in figure 5; 
<3) the cylindric in figure 6; (4) the saccular in figure 7, and (5) the bead 
formation in figure 8. A, the diffuse type is seen in figure 9, and B, the local 
type in figure 10. 


The value of such a classification in the diagnosis and treatment of 
bronchiectasis has been considered by us elsewhere.® 

As bronchiectasis is so frequently associated with abscess of the lung, 
the following classification of abscess of the lung, which has already 
been published, will be again here noted. 

Table 2. — Classification of Abscess of the Lung 


Soutary 

a. With fluid level, acute or chronic 

This type of abscess is demonstrable by ordinary roentgen ray 

b. Large bronchiectatic abscess, acute or chronic 

This type of abscess may be aspirated and will inject with iodized 
oil, 40 per cent ; often it is bilateral, and at times is associated with 
some other phase of bronchiectasis 

c. Associated with bronchiectasis, chronic 

This is the narrow neck type in which expectoration is onh' over- 
flow; it shows no fluid level, and on injection the abscess area 
casts no shadow 

Multiple — Lung abscesses, chronic 

Secondary— -Those due to tumor and foreign body 

Tuberculous 

This type may be associated with bronchiectasis, acute or chronic 
Metastatic lung abscesses and cyst degeneration are not considered in this 
classification 

9. Ballon, D. H., and Ballon, H. C: The Diagnosis of Bronchiectasis: 
Further Studies on the Value of Lipiodol by the Bronchoscopic Method, to be 
published. 
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tered- ■ ii cannot be stated that it has benefited patients much, 

but the..'_ ’’s in some of these cases have disappeared from the’ 

sputum I'J -.porariiy. 

’“Chronic i "'tis” has been a convenient term under which many 
conditions of spiratory tract have been described. It is time for 
these conditions ■ c defined more closely. Injection of iodized oil for 
outlining of the - • -nchial tree and bacteriologic examination will both 
help. 

From the medi point of view, the excellent results that can be 
secured by rest and posture in the earlier cases of every type of septic 
infection is impressive. Rest may be the best treatment in these cases. 
Two months in bed may relieve a cough that has lasted many months or 
even years. Perhaps it is time to begin teaching prevention as well as 
cure. 

Below is an outline of the points to be noted in the differential diag- 
nosis between earlier cases of septic infection and pulmonary tuberculosis. 

Comparison of Septic Infections and Pulmonary Tuberculosis 


Septic Infections 

Lesions Usually basal 

Sounds Musical rboncbi common 

Coarse rfiles 


Cough 

. .Much at early stages 

Increased amount in late active 
stages 

Expectoration 

. .Profuse even in early stages 
Increasingly profuse in late 
stages 


Often bad smelling 

Dyspnea 

. .Usual and marked 

Consistent with good condition 
Can be dyspneic but not ill 

Related to extent of lesion chiefly 

Hemoptysis 

..Less usual 

Blood streaked sputum more 
common 

Pleurisy 

. .Uncommon 

Other Pains in the Chest. . 

..Common, troublesome, basal, less 
localized 

Roentgen'Bay Signs 

. .Variable, usually basal 

Often slight, with gross symp- 
toms (without injection of 
iodized oil 

Iodized oil, as useful ns barium in 
abdominal diagnosis 

Complications 

..Of septic type, appendicitis, mas- 
toid, pneumonia, etc. 

Course 

..Variable 

Chronic 

When chronic less curable 

Tuberculin 

. .No greathelp in differentiation 


Examination of Sputum 


Pulmonary Tuberculosis 
Usually apical 

True r&les. small, crepitant 
Coarse rfiles chiefly in cas® in 
which there is secondary 
infection 

Little or none at early stages 
Variable at all stages 

Slight or absent in early stages 
Profuse usually only mth 
secondary septic infection 
(i. e., tuberculous plus septic! 
Bad smelling, sometimes witli 
secondary infection 

Less usual and less marked 
Not usual with good condition 
Likely to be ill If dyspneic 
Related to toxemia chiefly 

More usual 
Less common' 


Common 

Less common; slighter; often 
apical; unilateral; more local- 
ized 

Variable, usually begins at apex 

Often gross, with slight symp- 
toms 


Iodized oil, useful but not so 
necessary as in septic inicc- 
tions 


Of tuberculous type, tuberculo- 
sis in other organs 


Variable 

Chronic 

When chronic more curable 


cw negative reports are In- 
nclusive, persevering exajn- 
ation reveals bacilli usually. 



there is frequenly an ectasia of the whole bronchial tree. 



Fig. 7 (case 7) . — ^Bilateral bronchiectatic abscess, with^ bronchiectasis of the 
saccular type, with which there is frequently the associated clubbing. This 
patient, aged 13, was referred by Dr. Roddick Byers. Twent 3 '’-five cubic centi- 
meters of iodized oil, was injected into the bronchi, and repeated in one week 
without ill effects. 




VALUE OF IODIZED OIL, 40 PER CENT, IN THE 
DIAGNOSIS OF PULMONARY INFECTIONS 

>t ■ EDWARD W. ARCHIBALD, M.D. 

. MONTREAL 

» * • I • 

, My interest in diagnosis by the use of iodized oil, 40 per cent, while 
of course general, has been centered in particular on its value in tuber- 
culous cases : on the one hand, in order to show more clearly than might 
be possible by physical examination or the ordinary roentgen-ray exami- 
nation, the pathologic condition in a lung previous to a proposed 
ttoracoplasty ; on the other hand, to show the condition in the lung which 
might explain a lack of complete success years after a thoracoplasty. 
In’ .addition I shall report a few cases illustrative of its value to the 
siifgeon in nontuberculous lesions. 

REPORT OF CASES 

Case 1. — C. R., a man, who had had tuberculosis since 1919, with repeated 
pulmonary hemorrhages, had had a thoracoplasty performed two years previously 
but an incomplete one, the first and second and the tenth and eleventh ribs having 
been left intact. He had improved considerably, but for the last few months 
before admission to the hospital, cough and sputum had again become trouble- 
some. The usual roentgenogram showed nothing but a dense, homogeneous 
shadow. One taken after an injection of iodized oil, 40 per cent, revealed marked 
bronchiectasis in the lower lobe, and the persistence of some cavitation in the 
upper lobe. A complete thoracoplasty was performed, the reformed bone and 
the other ribs being removed, with excellent compression and an excellent clinical 
effect. Such correction operations frequently are worth while. Parenthetically, 
it may be said that iodized oil almost always reveals the existence of a bronchiec- 
tatic condition in the lower lobe in these old tuberculous cases. 

Case 2. — Miss L. had had tuberculosis probably since 1910. In 1912, she had 
had fever, had been fatigued easily, and had raised a slight amount of sputum. 
Since then the disease had been quietly progressive, and when she consulted me 
there was considerable cavitation in the left upper lobe and slight disease on 
the right side, apparently quiescent. The roentgenogram after the injection of 
iodized oil revealed the large size of the cavity. After the injection of the oil, 
however, she had a febrile reaction with an increase in the pulse rate, which 
lasted a week. After the subsidence of the fever, I performed a thoracoplasty. 
The wound became partly infected. In spite of this, I performed the second 
stage, which was probably an error in judgment. She had a large cavity under 
the scapula, and I separated the lung extensively both from the vertebral side 
and anteriorly under the stumps of the ribs, in order to collapse the cavity- 
This was followed bj* an acute tuberculin intoxication, which left her extremely 
weak; moreover, the upper wound suppurated. It is probable that she would 
have survived, but about the tenth day a serious secondary hemorrhage occurred 
in the wound, which, in her weakened state, proved fatal in a few hours. 
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We may also mention that putrid bronchitis need not necessarily be 
associated with bronchiectasis. We have several instances in which the 
roentgenogram of the injection showed a normal af^earance. 

y 

EFFECTS OF THORACOPLASTY ON THE BRO. :HIAL TREE 

It is interesting to observe how such factors afe extrapleural thoraco- 
plasty may affect the bronchial tree in a purely mechanioTl m?Jnner. Fol- 
lowing extrapleural thoracoplasty for tuberculosis, the bronchial tree 



Fig. 10 (case 10). — ^Tuberculous bronchiectasis of the local tj'pe which had 
persisted following extrapleural thoracoplasty; it was responsible for per- 
sistent cough and expectoration. The first injection of 10 cc. of iodized oil was 
made Aug. 11, 1925. 


may become a large tube with dilatations at the base, as in many instances 
a suitable case of pulmonar)* tuberculosis for thoracoplasty has an 
associated basal bronchiectasis.^® The object of the operation naturally 
is to collapse cavities, and these are more commonly apical. If the 
cavity is not too close to the hilum, thoracoplasty usually accomplishes 
its task. 


10. Archibald, Edward: X-Ray Demonstration of Pulmonary Changes in 
Tuberculosis by Lipiodol Injection, Canad. M. A. J. 15:1000-1002 (Oct.) 1925. 
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Fig. 3 Fig. 4 


Fig. 3 (case 4). — Note the homogeneous shadow on the left side in this 
old thoracoplasty case. 

Fig. 4 (case 4). — The iodized oil reveals a fairly large cavity in the upper 
part of the lower lobe. 



Fig. S Fig. 6 

Fig. 5 (case 7). — Before injection of iodized oil. Case of nontuberculous 
inflammation of upper lobe, with distinct cavitj' just under scapula. 

Fig. 6 (case 7). — ^After injection of iodized oil. Note unexpectedly enormous 
size of cavitation in upper lobe and slight bronchiectasis in lower lobe. 
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In studying roentgenograms taken following thoracoplasty, in which 
iodized oil has been injected, persistent cavities often present an 
irregular outline. The impression is that pleural adhesions possibly are 
preventing collapse of the cavity. For this reason more careful con- 
sideration than has been given in the past should be given to the amount 
of pneumothorax which has been attempted before operation, the period 
of time in which it has been carried out and the nature of the pleural 
adhesions which may be present and have persisted and rendered further 
collapse impossible. When these facts are compared with the size and 
shape of the cavity, it would appear that they should serve as a valuable 
aid in telling one not only how much rib to remove before a satisfactory 
collapse can be obtainedj but also as to the area that requires the greatest 
amount of compression. It should also help one to determine whether 
anterior compression, apicolysis or other means are necessary to produce 
the desired change in the shape and contour of the cavity and the asso- 
ciated dilatations. The fact as to whetlier there has been fluid in the 
pleural cavity which has required frequent aspirations is likewise of 
importance, and too frequently fails to come into the estimation of 
prognosis. 

One might perhaps ask whether the low vital capacity in many of 
the persons who have marked , chronic cough and expectoration, who 
show no gross evidence of pulmonary congestion, and who are other- 
wise in fairly good health, is not in some instances an expression of 
poor pulmonary ventilation explained on. the basis of diffuse fibrosis, in 
a lesion that is characterized by avascularity. Perhaps, too, the ideal 
stage at which to operate on a patient with fibroid phthisis is not being 
sufficiently recognized, and fibrotic changes are waited for too long. 
The number of suitable cases of pulmonary tuberculosis accompanied by 
empyema which are allowed to progress until a bronchial fistula develops 
before intervention is attempted is striking. 

The mere fact that the heart is frequently pulled decidedly to the 
more affected side, and often overlies a cavity with which it is perhaps 
connected by a broad adhesion, must also frequently be a hindrance to 
a good result. 

It is hoped that the foregoing digression will illustrate the fact that 
the proper use of such an agent as iodized oil in diseases of the thorax 
should in many instances enable one to treat each case individually 
rather than as a type case of a broad group. In chronic cases, in which 
the patients are poor risks and often can stand little handling, it is hoped 
that when the chance to use it is presented to them, the}' ma}-^ take it. 
Persistent signs and symptoms will likewise be more adequately 
explained. 



210 :hives of surgery 

Case \ nontuberculous abscess of the lung, iii which there 

was enbrmous c '■ ; ' the upper lobe. The injection of iodized oil showed 

that it was much ' •' -than had been expected. The result of resecting the 

upper eight- ribs . 'prisingly good. She soon raised almost no sputum. 

Case 8.'— W., a ■ had a large chronic empyema following a bullet wound 

received in the Work , , ar. The value of the use of iodized oil in the diagnosis 

of a pleurobronchial fistula was shown in this case. The iodized oil ran through 
the fistula and partly filled the empyema cavity. It also demonstrated, usefully, 
that the lung itself was practically normal, thus eliminating the possibility of a 
coincident pulmonary abscess. The ' patient was cured by a resection of the 
overlying ribs and a plastic closure of the pleural fistulous opening. 

;'*c! 

SUMMARY 

In tuberculous cases, iodized oil should be used with caution. A 
simpler method of injection than the bronchoscopic probably is best 
because, no matter how carefully and skilfully this procedure is carried 
out, it taxes the patient’s strength more than a simple supraglottic 
injection. 

Injection of iodized oil in old thoracoplasty cases in which the symp- 
toms persist is valuable. Roentgenograms taken after such injections 
reveal lesions that cannot be demonstrated by any other method. 

It is useful at intervals during the progress of a several stage opera- 
tion, for bronchiectasis or abscess of the lung, in order to estimate the 
amount and location of the disease that still remains. 


ABSTRACT OF DISCUSSION 

On Papers by Drs. Singer, Tucker, Ballon and Ballon, Stewart, 

AND Archibald 

Dr. Frederick Lord, Boston : Experience with the injection of iodized oil 
has been limited. It seems to me that up to this time it has been of relatively 
limited value and that some caution should be exercised in its use. In the 
selection of cases, it is desirable to make the diagnosis without using it if 
possible. In the abscess cases this usually can be done. There are few cases 
of abscess, however, in which one does not see more than a dense shadow in the 
region of the abscess. Much depends on the character of the roentgenogram. 
An overexposed film or an underexposed film is not as valuable as one 
properly exposed. In those cases in which the abscess cavity is not clear, the 
cavity should be drained, the roentgenogram made, and this roentgenogram 
compared with the previous roentgenogram. In this way one can sometimes 
outline the cavity. By every means possible the effort should be made to make 
a diagnosis without the injection of iodized oil. In the films shown by 
Dr. Archibald, he called attention to the persistent presence of the iodized oil in 
the lung, and I have noted its presence for months after injection. This ma> 
be a disadvantage' in the observation of progress of abscess cases in which 
one is undecided whether to operate. In this group, it is undesirable to have 
the affected region obscured for a long period by iodized oil. In selectc 
cases, however, iodized oil has been of material assistance. We have been 
able by its use to determine the site and extent of abscess cavities not other- 
wise to be found. This is especially' true of lesions situated behind the 
shadow of the heart. In these films, one should notice how frequently' the 
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respond to mere posture, but requires something else in the way of an 
aid. Bronchoscopy and bronchoscopic methods often supply this want. 
Each case should thus be considered a law unto itself. 

; * *' K 

INTRABRONCHIAL ROUTE FOR APPLICATION OE- MEDICATION 

The intrabronchial route should be employed more frequen'tly than 
it has been in the past for the direct application of therapeutic agents 
because it disseminates them by coughing. In such conditions as putrid 
bronchitis, when it is not associated with bronchiectasis, or in’ the noh- 
sensitive asthmas, it is often of extreme value. In bronchiectatic' con- 
ditions it is also of value, but it is the frequent aspiration and eihptying 
of these dilatations that produce the best results. 

•' • c 

CAUTIONS AS TO ABNORMAL SHADOWS AND CHOICE 

OF PATIENT 

We cannot conclude this report on the bronchial tree, in which the 
value of iodized oil is obvious, without uttering a few words of caution : 
first, as to the interpretation of abnormal images that are not associated 
with signs and symptoms, and second, as to the fact that the promiscuous 
an abscess cavity or dilatation. 

A positive shadow that is cast by an injection of iodized oil which 
cannot be adequately explained on the basis of a clinical history, signs 
and symptoms should be neglected. Our knowledge as to the interpreta- 
tion of many of these shadows is still vague. Insufficient pulmonary 
ventilation, immobilization of the parenchyma or temporarily arrested 
respirator)'’ movement may be responsible for a shadow that simulates 
an abscess cavity or dilatation. 

No injection of iodized oil should be undertaken until a complete 
history and physical examination have been carried out. The person who 
is to give the injection should then not only observe the patient himself 
but also should discuss the condition of the patient with the attending 
physician before attempting an injection of iodized oil, and then give it 
only after deciding that it will be of value. Extremely ill patients should 
thus not receive injections of iodized oil or the results will cause the 
method to fall into disuse. In the case of a foreign body, not even the 
most ardent antispecialist would refrain from having a bronchoscopic 
examination made. 

The use of iodized oil is of undoubted, and promises to be of further, 
value, if used intelligently. If special methods are used in their proper 
place, specialization will occupy an even more enviable position than it 
does at present. 
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incidental to the method employed. Not long ago I- was hurriedly called to an 
operating room where a careful surgeon had given an injection of iodized oil by 
injecting it through the cricoid cartilage. Immediately the patient began to cough, 
causing a hemorrhage. It was not an alarming one, but he apparently was 
aspirating the blood and coughing it out. The patient’s condition was alarming 
foi half an hour. A marked febrile reaction followed and persisted. It will be 
ex:tremely interesting to rote whether lung abscess or bronchiectasis will result. 
I believe that in employing that type of injection one will get a fair percentage of 
patients who will develop a reflex spasm with coughing and that the iodized oil 
solution is going to be aspirated back into the other lung and even into the stomach, 
so that the use’ of this type of injection is questionable. I feel that in the use 
of iodized oil as’ a diagnostic measure by the members of this society probably not 
many accidents would occur, but if tlie metliod was broadcast throughout the country 
as* a safe procedure and all physicians began using it, I am not so sure that the 
accidents and the ill effects would not offset the value. I should like to hear from 
the -^^arious members of the number of patients they have seen with ill effects 
following the injection of iodized oil. I have talked with several of the members 
who have employed the method, and each one had seen some serious ill effects 
of tlie injections. One man mentioned that in injecting the solution the needle 
was broken off in the throat, and he had great difficulty in getting it out. Such 
incidents must be borne in mind in encouraging the wide use of such diagnostic 
methods. The fact that for years bronchoscopic examination has been con- 
traindicated in patients with pulmonary tuberculosis seems to have been forgotten 
even by members of this society in their zeal to inject iodized oil through the 
bronchoscope. 

I believe that the use of this oil is valuable in diagnosis in vague intrapul- 

monary conditions. It is, however, a diagnostic refinement not free from ill 

effects and dangers, and should be reserved for use only in those cases in which 
it is felt that if the diagnosis is made certain more definite treatment may be given. 

Dr. Franz Torek, New York: May I suggest that in cases in which iodized 
oil is injected, after the patient has been placed in the upright and lateral posi- 
tions, he should be placed on a table that can be turned readily to the Trendelen- 
burg posture? Iodized oil enters the bronchial tree by gravitj', and the 

roentgenograms presented here, for instance, those presented by Dr. David Stewart, 
show that the iodized oil is found almost exclusively in the lower part of the 
lung, probably because those injections were made in the upright posture. In 
the roentgenograms Dr. Singer showed in which he had placed his patients on 
the side, there was a much better distribution; a large portion of the bronchial 
tree was shown in the central portion of the lung. But in all the roentgenograms 
there is a failure to demonstrate the upper bronchial tubes satisfactorily. 

Dr. Carl A. Hedblom, Chicago: In my opinion, the introduction of iodized 
oil is likely to prove to be one of the most important additions in recent j'ears to 
the armamentarium in the diagnosis and checking of results of treatment m 
thoracic surgery. This opinion is based partly on the result of m3’^ own experience, 
partlj' on m3’- impressions of the reported experiences of others and on the demon- 
strations made here. It is true that an3' method can be abused. I believe that the 
use of it is scarce^' warranted when the diagnosis is clear without it. But m 
the differential diagnosis of disease of the bronchial tree, particularh' bronchiec- 
tasis, in m3’ opinion, it will prove indispensable. I have studied a series of more 
than 400 cases of bronchiectasis, in 28 per cent of which it was impossible to 
determine from the ph3'sical obsen’ations and roentgenograms whether the disease 
was unilateral or bilateral. The diagnosis probabb' was mistaken in man3' of the 



SEPTIC CONDITIONS OF THE CHEST, 

ETIOLOGY AND DIFFERENTIAL DIAGNOSIS 
DAVID A. STEWART, M.D. ' 

NINETTE, MANITOBA 

I am not on the program and have no prepared paper, but I have a 
few slides I can show and add some comments, so that, in the absence 
of Dr. Stuart Pritchard, the medical side of the problem may not be 
left altogether without a representative. ; *' 

The thoracic surgeon is seldom the first, and may be even theJ'fourth, 
diagnostician in these cases. The first, and usually a poor onej'is the 
man himself. If conditions become serious, he calls the famil)’^ physician, 
who, in turn may consult with a sanatorium ph)'sician of more special- 
ized experience, and still later the surgeon may be called in. If any such 
order as this is followed, the surgeon sees the fewer patients with the 
most severe condition ; the famaily physician a much larger, and, on the 
average, less troublesome, number, while perhaps most patients are 
allowed to develop a more or less chonic condition at home. This con- 
dition is called chronic bronchitis, asthma or “stomach cough.” If the 
least and the greatest of these bronchopulmonary septic infections were 
counted, they might be called legion, for they are many. The pyorrhea 
cure advertisers assure us that “four out of five have it.” \\'hat might 
be shown by a careful study of the persons with a chronic cough in any 
community? 

One common cause of these septic conditions seems to be bad 
teeth and gums and badly cared for mouths. One of the commonest 
clinical pictures is that of cough, expectoration, debility and bad teeth. 
The cleaning of the mouth, with a comparatively short period of rest, 
will work wonders in some such cases. Impressive also are the large 
numbers in whom cough and expectoration, chronic and increasing, with 
such general s}Tnptoms as debility, and not infrequently with hemor- 
rhage, follow acute respiratory diseases, especially of childhood. .‘V man 
of 22 has coughed and expectorated since he had pertussis in his first 
year ; others, since they had influenza months or years before ; one, since 
he had measles at the age of 9, and many since they had pneumonia in 
childhood. The cough-expectoration syndrome dating back to childhood, 
is common ; the patients will state that they have had cough as long as 
they can remember. 

The infections following operations under general anesthesia are 
well known. In many of these septic infections, spirochetes and fusi- 
form bacilli have been found, as described by Dr. David Smith of Ray 
Brook, N. Y. In some such cases neoarsphenamine has been adminis- 
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tion of. iodized oil, small I ■ 'ies .are clearly visible. The case is a complicated 
one. I should, .like opinic .' to whether it would be better to leave the tube 
out =pr not. The patient- , '4. coughing now. No pus comes from the tube, 

only mucus.. She.coughi ii;c;i:..the iodized oil was injected and drove some 
down into the other .lun.^. . Of , course, mucus or mucopus would not be driven 
into the other, lung s^^ easily. Iodized oil, which is a pure liquid, is easily driven 
into the other lung. . ; 1. believe that there is a real danger in using any liquid 
substance, iodized ^pil .or anything else, in this manner, because it may wash 
infection from- one'' side to the other. 

One word about tuberculosis: I asked Dr. Gehrcke of Brauer’s Clinic what 
they were doing with itidized oil. He said that they were afraid to use it in 
tuberculosis becau.se they found that it spread the disease; sometimes they did 
not use it until from one to three months later. There had been some imme- 
diate' had results as well. It takes implantation tuberculosis a long time to 
produce physical signs, and it may be that some of the patients that are not 
immediately harmed by the iodized oil may show bad effects later. I therefore 
agree heartily that physicians should be slow to use iodized oil in tuberculosis. 

Dr. David T. Smith, Ray Brook, N. Y.; I should like to say a few words 
in favor of the simplicity of the method Dr. Pritchard described. Dr. Pritchard 
visited us at the New York State Hospital and demonstrated his method on six 
patients, subsequent to which I began to use injections of iodized oil. 
"Without any special training in nose and throat work, I attempted to make 
injections into thirty consecutive patients and succeeded in twenty-five. The 
method requires no special apparatus other than a laryngeal mirror, a laryngeal 
syringe and a fluoroscope. One assistant is an advantage but not a necessity. 
The patients do not object to the procedure. I spray a little cocaine in the back 
of the throat, largely for psychologic effect. In this series of thirty cases there 
were no bad effects, although every one of the patients swallowed some of the oil. 

Dr. John D. Kernan, New York: One of the physicians in discussing 
Singer’s method of using iodized oil said that he thought a great deal of it; as 
a bronchoscopist, in a way, I do not value it at all. To a bronchoscopist it is 
a horrible method. The idea of injecting a definite amount of iodized oil into the 
lung to go where it happens to go makes me tremble with rage and wrath. On 
the other hand, I must confess that the roentgenograms are equally astonishing. 
They are excellent. I am surprised that such good roentgenograms result from 
such a poor method. I wish that the late Dr. Lynah were here to see how his 
idea has grown, for I am sure he was the first one to inject liquid opaque sub- 
stances into the lung in 1920 and through a bronchoscope, in 1920 and 1921. I 
have not seen his roentgenograms surpassed here. He and Dr. Stewart made 
roentgenograms six or seven years ago. As I immediately succeeded Him at 
Lenox Hill Hospital, this work is not such a nine-days’ wonder to me. The 
objection to this spilling-in method, I might call it, is that although it shows cer- 
tain things that are there, it does not show what is missed. Dr. Tucker brought 
this out well : How does one know that above the dilatations that can be seen 
there is not a foreign bodj% a mass of granular tissues, a stricture or a new 
growth? These things are missed if a bronchoscope is not used. To me an 
otologist might as well fail to use his mirror and speculums as a lung surgeon 
or physician fail to use the bronchoscope in these lung lesions. 

Dr. Willy Meyer, New York: Dr, Kernan has mentioned the work of the 
advanced bronchoscopist and the name of Dr. Henry L. Lynah. I also should like 
to speak of this man who unfortunately now belongs to histor 3 '. Certainly' if anj' o 
the. unfortunately, older specialists in this association, next to Dr. Chevalier 
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Septic infections and pulmonary tuberculosis are h’; 
tiate ; there are no invariable rules concerning this. 
the same, but they differ in their manner of occun. ' 
made not by adding symptoms to make a total, but by-. , 
to make a picture. There are wide variations in lli 
diseases. 


■■ • . fferen- 
,-v:onls are 
ii)iagnQsis .is 
iiig. symptoms 
iptoms! in both 
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you ’sl'^p to‘ consider it, not every one is using iodized oil. This is a new 
methoc' "' t this country. Every one is learning. That is why the members of 
this- SOL ■■■, . are' here.- They are here to hear what the other fellow has to say. 
EVery o.-^ - nts to learn. 

If a’-su 'e has been used for three or four years, and used extensively, in 
South A'ihei . , 'Td in 'France and in England and in Germany, and no deaths 
or serious 'res, - , re reported, it must have merit. The use of iodized oil 
should not 'be cc ■ 'id because a few mishaps have occurred; it is one of the 
best d'ids 'we havt> lihonary diagnosis. 

^ Dk, Gabriel' TuCjv ', Philadelphia: Dr. Stewart, speaking of cases of 
b.nnchiect'asis, ' meritioi, 1 that the condition often followed the infectious 
diseases^^“of childhood. y 'In reviewing the histories of chronic cases of 
bronchie^ ^sis in adults, one finds that they began in childhood. The opportu- 
nity has' be < presented to examine many children who have suppurative condi- 
lit ’is r'f the lurlg'following these chronic infections. The good results obtained 
by use of the bronchoscopic treatment are remarkable. There has been a large 
percentage of cures in children by bronchoscopic drainage with local medica- 
tion, and bronchiectasis in later life has been prevented in these patients. I 
feel as Dr. Kernan does about all blind methods of introducton of opaque sub- 
stances into the lungs, in cases in which there is no contraindication to 
bronchoscopy. In our clinics, we use the bronchoscope in tuberculosis unless 
there are special indications. A diagnostic bronchoscopy is performed and the 
patient is kept under observation for several days, when a second examination 
is made and bismuth subcarbonate or iodized oil is introduced through the 
bronchoscope. The choice of the opaque substance depends on the bronchoscopic 
and roentgen-ray observations. No unfavorable results have been obtained 
with this method in either diagnostic bronchoscopy or pneumonography. 

Dr. David A. Stewart, Ninette, Manitoba; I have nothing to add except to say 
that in thirty or forty cases in which iodized oil has been given by the supra- 
glottic method apparently no harm has been done. Dr. Stuart Pritchard of 
Battle Creek says the same of 1,600 injections by the same method. I believe 
that physicians should make much greater use of it than they do of the broncho- 
scope. But it seems to me that there are a great many cases in which iodized oil 
can properly be given without the bronchoscope. Perhaps some of the children 
with cough and expectoration Dr. Tucker spoke of might have been cured by 
rest without bronchoscopy. It is an excellent treatment in the earlier stages. 

Dr. David Ballon, Montreal: The great value of iodized oil lies in the 
fact that it permits a differential diagnosis between suppuration coming from 
the pleural cavity, from the lung and from the bronchi. 

There is a man in the service of Dr. Archibald in the Royal Victoria Hos- 
pital at present who was wounded in the World War ten years ago. He 
received a bullet wound which entered in the region of the left nipple and 
made its exit near the spine. Since then he has been wandering around from 
sanatorium to sanatorium suffering from hemoptysis and purulent- discharge. 
The diagnosis was lung abscess or bronchiectasis. As he was receiving a 
government pension he was even accused of malingering. The results of 
roentgen-ray examination were negative. A bronchoscopic injection of iodized 
oil was given, and the diagnosis made with absolute certainty that the man has 
a bronchopleural fistula. Diagnosis had been impossible by symptoms, signs 
or ordinary roentgen-ray examination. Iodized oil has its greatest value m 
bronchiectasis. I have seen no ill results from it. I have been using it m 
treatment for almost seventeen months. ^lore than half of my patients with 
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Had iodized oil any effect in reducing her resist?’* e before I 
operated? I am inclined to feel, with Dr. Singer, that it was more 
likely the strain of the bronchoscopic examination which caused .the 
reaction. In more than twelve cases of tuberculosis in which iodized 
oil has been injected through the bronchoscope, only three patients have 
shown a febrile reaction. In two this was not serious and consisted in 
a rise of temperature to 100 or 101 and an increase in the pulse rate, 
both of which disappeared in the course of four or e days ; but in the 
third case (case 3 in this article), it continued for nearly ten days, when 
I considered it wise not to wait longer and performed a phrenicotomy. 
Immediately after the operation the patient had a further rise of tem- 



Fig. 1 Fig. 2 


Fig. 1 (case 1). — Before injection of iodized oil. Note homogeneous shadow 
and lack of detail on left side. 

Fig. 2 (case 1). — After injection of iodized oil. The oil reveals extensive 
bronchiectasis in lower lobe, behind the heart, and it also partially fills the 
cavity in the upper lobe. On the right side the oil shows a normal lung. 

perature and increase in pulse rate, and ultimately died of rapid activa- 
tion of the process in the good lung. I feel that one must exercise 
more caution in using iodized oil in such cases, and I believe that I 
shall have to adopt Dr. Singer’s simple method for the tuberculous 
patient, in order to avoid as much as possible the strain of the broncho- 
scopic examination. 

Case 3. — The roentgenogram of Mrs. S. shows a homogeneous shadow, with 
the exception of the cavity at the top. She had been sick since 1920. She had 
had bronchopneumonia in 1924. A test phrenicotomy was performed. .After six 
days she died of acute tuberculous bronchopneumonia of the good side. 



■NONTUBERCULOUS PULMONARY DISEASE 

W. F. HAMILTON, M.D. 

• ■ ‘ MONTREAL 

There are three classes of persons interested in the correct diagnosis 
G.‘ the nontuberculons form of pulmonary disease, the physician who is 
tl;^. responsible adviser in the case, the friends of the patient and the 
,nt himself. It is true that this community of interest obtains in 
ra' , ’ly all diseases, but in tuberculosis there is the question of 
sL ■ • .u:u treatment, a protracted illness and much time lost from one’s 
ccH -ripn in order to effect a cure, to say nothing of other possible 
rest . Cii,., so that more than ordinary interest attaches to cases in which 
thc.'que.siion of tuberculosis is raised. The answer is not infrequently 
diffieuh. 

.\yith this group of three, another may be mentioned, the sanatorium 
physician to whom these patients with tuberculosis are sent. Reports 
from various sanatoriums show that patients with nontuberculous pul- 
monary diseases are constantly being sent to these institutions and con- 
stitute from 25 to 50 per cent of the patients admitted. These 
observations alone compel occasional emphasis on a subject that a 
prominent internist years ago regarded as old and well recognized. 
There is need of being constantly reminded of the teachings of the older 
clinicians, lest their precepts be forgotten. It is on this account that I 
venture to speak briefly on this somewhat frequently discussed topic. 

As sequelae of pneumonia or of bronchopneumonia or of influenza — 
as well as of pleurisy and of bronchitis, and in many cases in which no 
such relationship can be traced — European and American writers have 
discussed different types of chronic nontuberculous pulmonary disease. 
Feissenger, in 1889, Pfeiffer, in 1893, and Morel-Lavallee, in 1897, 
described protracted cases of pulmonary disease, including bronchitis 
and pleurisy following influenza. In this country it would appear that 
Lord, in 1902 and in 1905, was the first to emphasize the importance of 
this subject in his report of nineteen cases, in which were included eight 
patients acutely and eleven chronically ill. Careful microscopic studies 
were combined with physical examinations. In seven of the nineteen 
cases, tuberculosis was suggested by cough, and phj’^sical signs in the 
chest were persistent for months and even years. In three cases, the 
lung apexes Avere involved. Lord found influenza bacilli in the sputum 
of these patients for long periods. He says that the subjects of such 
infection, who are continually harassed by a troublesome cough, more or 
less abundant sputum, dyspnea, occasional rises of temperature for brief 
periods, localized bronchitis and doubtful or certain signs of consolida- 



ARCHIBALD— IODIZED OIL IN TUBERCULOSIS 


209 


Whether the iodized oil which penetrated the less diseased side ha.'' an3' effect in 
starting the acute tuberculous process is a question. It is almost impossible to 
say whether it had or not, but this case suggests the necessity' for caution. It is 
much more likely, of course, that the slightl}' active d" ^ase on -this side was 
aggravated by the operation. In any case, that activation '.33' havc lyecn assisted 
by the previous injection of iodized oil. 

Case 4 . — Miss D. consulted me in 1922 concerning 'a 'ic^loh on the left side. 
The left lung had a large cavity at the apex. She ^\7ls^ greatl3' improved by a 
thoracoplasty. Symptoms- recurred in two 3'ears, and' the cause of tin's recur- 
rence was revealed only by thei injection of iodized oil, whidf'showed a new cavity 
in the lower lobe, - ■ ‘ 

I think that iodized oil is valuable in estimating what lesions remain. 
By stereoscopic examination the lesion can be localized as near the 
hilum or near the periphery. The question is. What can he done- for 

i 

i 



Fig. 7 (case 8). — Case of chronic empyema. After injection of iodized oil. 
The oil shows up the fistulous tract in the pleura and a partial filling of the 
emp3'ema cavity; it also demonstrates that the underh'ing lung is normal. 

such a lesion ? Should one resect more ribs ? I leave it at that ; but the 
point is that only by means of oil injections can one get an idea of the 
problem to be faced. 

Case S. — Two 3’ears ago, after a total thoracopIast3', Mrs. D. returned with 
an aggravation of s3’mptoms. The cavit3', which persisted, was not visible in the 
usual roentgenograms, but showed in the roentgenogram made after the injectioji 
of iodized oil. 

Case 6. — Mrs. McI. was a tuberculous patient with a easily in the left upper 
lobe. I did not know that this was so large until after the injection of iwlized oil. 
Good filling was secured in the cavit3' of the upper lobe. This can be accomplished 
only by careful jwsturing. The roentgenogram .showcfl the large size of the tuber- 
culous cavit3'. The patient improved after thoracoplasty, and I had a letter 
recently which stated that she raised almost no sputum. 
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also ip a fairly common disease, and one that we associate with an early 
tuberculous infection. The idea prevails in the minds of many phy- 
sicians that influenza predisposes to tuberculosis. If one takes the total 
of these three impressions, whether or not they are sound opinions, one 
finds a. reasop for suspicion in all cases in which there is cough, expec- 
toration-, weakness and occasional short runs of light fever. If one adds 
to these the results of observations carefully made, pain in the chest, 
rales, apical signs and shadows of increased density in lung areas, one 
has good grounds for suspecting such cases as being due to tuberculous 
infection ; hence, there is great need of care in differentiation. 

To this already long list one must add still other features suggesting 
tuberculosis. Reference is made to blood in the sputum, actual 
hemoptysis, and the false or mistaken interpretation of roentgenograms. 
Hemoptysis has been observed in nontuberculous disease, and a .few 
patients have returned from the roentgen-ray department with reports 
of chronic or active tuberculosis. As so many of these suspected cases 
follow influenza and the history of influenza is thus likely to bias the 
mind of the inexperienced in medicine, it is of interest to quote Fishberg 
on this traditional relationship ; 

Contrary to the teachings of writers of previous generations, the recent 
epidemic of influenza has shown that this disease is not etiologically related to 
tuberculosis. Of the hundreds of cases which have come under my observation 
during the past year in which cough, expectoration, fever, etc., have persisted 
after an attack of influenza, only one turned out to be tuberculosis. The pul- 
monary sequelae of influenza are hardly ever tuberculous in nature. 

The physical signs in nonttiberculous pulmonary disease are those of 
bronchitis of one or a part of one lower lobe or even of both lower lobes ; 
rarely are these signs found in the upper lobe. The signs are persistent 
yet variable. Later the signs of emphysema may develop. The roent- 
genograms show varying degrees of fibrosis. Constitutional symptoms 
of tuberculous infections are in the main absent, while tubercle bacilli 
are constantly absent from the sputum. The diagnosis on the basis of 
bacteriology has been urged, but this is obviously extremely difficult. 

As I wish here to comment on the late results of nontuberculous 
lung inflammation, I will report illustrative cases. 

REPORT OF CASES 

Case 1. — A Jewish pcdler, aged 45, had periodically frequented my service in 
the outpatient department of the Royal Victoria Hospital for several years. He 
also had been a patient in the ward on two or three occasions. The onset o 
his illness had appeared to date from an attack of pneumonia fifteen years 
before, from which he had made a tardy recovery. As this illness had occurred 
in Russia, details were unavailable. The patient thereafter was sulycct to frequent 
“colds.” After coming to Canada, he had carried his merchandise about the 
country, walking the greater part of the time. 
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iodized oil overflows from the side in question side. I cannot 

believe that it is desirable in tuberculosis to flc; i.atory tract with 

any fluid and allow the contents of the bronchi to- ‘ ’-with that fluid. to 
uninfected parts of the lung. In one nontuberculr ' . • ‘ e of - lung infection 
pneumonia developed on the opposite side from that^' -'hich insufflation was 

performed. How far the iodized oil, w’hich had -.cr' .^^jd into that side, was 

responsible cannot be said; fortunately, the patient recovered. 

Dr. a. L. Lockwood, Toronto : I have had a limited experience in the use of 
iodized oil-only thirty odd cases in human beings and eighteen or twenty 
instances in rabbits and dogs. I have been prejudiced against it because of some 
unfortunate experiences in these cases. I was called to operate on the first patient 
I saw who had received an injection of iodized oil, for lung abscess: the picture 
was exactly the same as that shown in one of the slides here. I was impressed by 
the picture of abscess of the lower lobe. In spite of the fact that the patient 

was extremely ill, I suggested obsen^ation for some days to determine,* what 

course the condition was going to take. Following the injection of iodized oil, 
the temperature and pulse were maintained for three or four days, and then were 
elevated considerably. The injection had been made through a bronchoscope, 
which may have increased the fever apart from the iodized oil. On the seven- 
teenth day the roentgen-ray examination was repeated. There was still a certain 
amount of shadow showing where the abscess was supposed to have been. How- 
ever, the patient’s condition w'as such that I suggested not operating for a while 
longer. The next day the patient’s phj'sician injected 30 cc. of iodized oil, and 
the peculiar shadow did not fill. I have seen three similar instances of that in 
this group. I think Dr. Phillip has a suggestion that may be valuable: that in 
some cases the iodized oil has run into tlie stomach and thrown this shadow', 
which it was thought w'as caused by iodized oil, into the low'er lobe. I should not 
be surprised if this W'ere true. One instance in a rabbit might have been the 
same. On the whole, my attitude in regard to the use of iodized oil is that unless 
I had a serious case and w'as going to get some real benefit from its use, I 
should not w'ant anything like iodized oil put into my bronchial tree. If there 
was a doubt as to w'hether I had an early' bronchiectasis or some vague type of 
lung abscess or early tuberculosis, I should prefer to go to a sanatorium for a 
long trial of sanatorium treatment. I w’ould go to Tuscon, Ariz., for a year or 
two and see w’hat the dry climate and heat would do rather than take the chance 
of having iodized oil used and having the condition aggravated. 

In the case of lung abscesses I am inclined to agree with Dr. Lord that with 
repeated stereographic roentgenograms, taken obliquely and laterally, and after 
emptying the abscess, a positive diagnosis is likely to be made in those cases. I 
think it has been definitely show'n that the bronchoscope should be used as a 
matter of routine in all cases of vague bronchial disturbances. The bronchoscope 
causes recurrence in a certain percentage of patients, so that it is difflcult to say 
whether the iodized oil adds to this condition. 

I had thought that the proper w'ay' to make injections of iodized oil was through 
the bronchoscope, but I am pleased with the suggestion of Dr. Singer, and I have 
tried the method on some rabbits. What happened in these rabbits was this : With 
the first injection given, there apparently was little reaction. Necropsy was per- 
formed on some of these, and the iodized oil solution still remained in the 
bronchioles, but little evidence of irritation was seen. But with a second or third 
injection a definite bronchiectasis can be produced. I should like to hear the 
unfavorable reports of the use of iodized oil, how many accidents have happened 
in its use, not only from the reaction attributed to the iodized oil itself but 
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the 'lesion now practically ten years quiescent? In answer to the first 
question, it may be stated that the character of the onset waS against the 
.view of an acute pulmonary tuberculosis. The condition began with 
pharyngitis, .laryngitis' and tracheitis, with constitutional symptoms and 
pulmonary signs after .a few days, which is a rare sequence in pulmonary 
tuberculosis but a common one in a catarrhal bronchial infection which 
’ater' Shbws definite signs of bronchopneumonia. The second question 
Is, to’ the way in which this acute bronchopneumonic process would 
affect the lesion now practically ten years quiescent. At the present 
time, foui months later, her physician says that she is as well as she 
was two yeai.:,'ago. 

pASE 4. — E. W; a woman, aged 40, had intercurrent nontuberculous pul- 
pionai-y disease of nine months’ duration associated with the first attack of 
p.'.-iiicious anemia. The patient was admitted to the Royal Victoria Hospital in 
December, 1923, complaining of cough, expectoration, loss of weight, shortness 
of breath, pain in the left side of the chest, weakness and indigestion. For the 
' last nine years she had had an indefinite history of nasal catarrh and colds, 
lu May, after the extraction of several teeth, she had developed pleurisy on the 
left side and shortly after a similar condition on the right side, accompanied by 
cough and weakness. She had been sent to the mountains for recovery. While 
at Sainte Agathe another “cold” had developed, and occasionally she had noticed 
that the sputum was blood streaked. There was no history of any serious 
illness preceding this. She had worked as a housemaid, and was constantly 
troubled with “indigestion.” For thirteen years varicose veins had bothered her, 
but they had compelled her to give up work only recently. 

The patient was thin and pale. She was slightly febrile while in bed, the 
temperature falling low and showing a wide range. The pulse rate ranged from 
80 to 100, even at rest. Cough and expectoration were present. The chest was 
long and narrow, the note slightly impaired over the apex on the right; pro- 
longed expiration and fine crepitations were heard over the upper lobe and at 
the apex of the lower lobe on the right. Later, however, signs of bronchitis 
became more evident. Dry and moist rales were heard both anteriorly and 
posteriorly over both lungs, yet they were always more marked over the right 
and toward the apex. At the left base, the percussion note was shorter than at 
the right. 

For fully eight weeks the temperature was febrile and signs of ‘bilateral 
respiratory disease were noted throughout. The sputum which was examined 
frequently, was negative to tests for tubercle bacilli. The blood and spinal 
fluid gave no Wassermann reaction. Roentgenographic examination made on 
admission showed the bronchial tree intensified toward both apexes and bases. 
Mottling at the right base was suggestive of tuberculosis. This vi^w was 
modified a month later, and the modification was confirmed three months later. 

For several months this patient was suspected of having pulmonary tuber- 
culosis, yet she failed to show the undoubted clinical evidence. Investigation 
of the blood and of the nervous system, as well as of the gastric contents, 
shortly after admission enabled us to say that she had profound anemia and 
subacute combined sclerosis with achlorh 3 "dria. In short, a diagnosis of per- 
nicious anemia was made. After three months in the hospital, the ■ fever sub- 
sided. the pulmonarj' signs greatly diminished, the anemia improved and the 
patient took on considerable weight, although the condition fo jnd in the 
nervous system remained practical!}- unchanged. ■ 
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36 per cent of cases judged to be unilateral and in the 36 per cent diagnosed as 
bilateral, in spite of the fact that the disease in most of these cases was of 
advanced grade. 

I recall one case in particular in which the patient was- raising upward of 
100 cc. of sputum. The combined diagnostic facilities of the ila}*© Clinic were 
not sufficient to establish which side the pus came from,, and bronchoscopy IcJt- 
the matter more or less in doubt. This W'as, perhaps,. due to the overflow to the 
other side. In 36 per cent of cases the diagnosis was unilateral and in 64 per 'Ccnt 
it was bilateral. No doubt, from the facts brought out, we. were wrong in a- 
considerable number of cases as to the causes involved. It seems certain that 
early cases and those of the dry type described especially by French writers have 
been in large part overlooked. Large numbers have been wrongly- diagnosed as 
cases of tuberculosis. I have had little experience with the method in cases of 
tuberculosis, and I should not want to make any statement as to its possible 
harmful effect in that condition. It may prove of considerable value in checking 
the result of operations, particularly thoracoplasty and the cautery e.\tirpation 
of Graham, as Dr. Archibald has just mentioned. 

As to the method, in the Mas'o Clinic we have used the transtracheal route, a 
little local anesthesia, puncturing the cricothyToid membrane with a needle which 
is attached to a rubber tube so as to allow for movement of the patient without 
breaking the needle, and we have not had any bad effects either at the time of 
injection or later. We have been able to differentiate unilateral from bilateral 
bronchiectasis with certainty in cases in which we would not have been able to 
do so without the use of some contrast medium. We have also found it useful 
in studying cases of empy'ema with and without bronchial fistula. In a case of 
pulmonary tuberculosis in which the roentgenogram showed an annular shadow, we 
were unable to satisfy ourselves as to whether or not we were dealing with a 
cavity. The injection of iodized oil demonstrated the fact that the annular 
shadow is not due to a cavity and also shows the pressure of some bronchial 
dilatation. 

A young boy had a history of cough wdth sputum, loss of weight and fever, 
but without any bacilli having been found in the sputum during a period of 
two or three years’ observation elsewhere. The diagnosis with which he came 
to the clinic was abscess of the lung or empyema of the apical regions, with a 
bronchial fistula. We demonstrated a pleural cavity at the apex. In order to 
establish whether it communicated with a bronchus, we injected iodized oil into 
the trachea. Roentgenograms then showed the pressure of the fluid in the cavity, 
proving the presence of a bronchial communication with it. Later, tubercle bacilli 
were found in the sputum. 

Dr. Howarw Lilienthal, New York: A woman had had a complicated 
abscess of the right upper lobe for a year and a half following an operation on 
her nose. It was a putrid case. All measures had been tried — bronchoscopy lavage 
included — and when I came to operate I saw why washings had failed. It was 
because the pus was inspissated like putty. I operated on her rather high in the 
axillary line and succeeded in emptying the abscess and producing a good sized 
bronchial fistula. The patient did well, and the roentgenograms showed no 
cavity. I wanted to know whether it would be wise to take out the tube and allow 
the bronchial stoma to close, which it seems inclined to do. Dr. Lewis Gregory 
Cole and I placed this patient with her head low and injected iodized oil into 
the bronchial stoma. 

Before injection the roentgenogram showed that there was some iodized oil 
in the lower bronchus which had been there for more than six months, 
showing how long the oil remains. In the roentgenograms taken after the injtc- 
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• ABSTRACT OF DISCUSSION 

Dr. W. S. Lemon, Rochester, Minn.: In the survey of the cases that have 
come under my consideration, there seems to have been a certain order of events. 
The patients either were so desperately ill that they died quickly, within as short 
a time as twenty-four hours, and their lungs then were found to be not pneu- 
monic but in a prepneumonic stage without consolidation, wet and dripping with 
blood, or those who had a little more resistance, or whose infection was less 
virulent, developed a bronchopneumonia that was so widespread that it became 
of the pseudolobar type. These patients, because of the oxygen unsaturation, 
usually were dyspneic and most of them died. Then a third group appeared 
which we know had definite bronchopneumonia. A larger, proportion of patients 
survived. In those who lived long enough, complications appeared with intra- 
pulmonary abscess formation, or with both intraptilmonary formation and 
empyema, and frequently it was possible to demonstrate the fact that the empyema 
was secondary to a subpleural abscess. Such patients are likely to have pleurisy, 
because almost invariably in diseases of the lung, whether acute or-chronic, the 
pleura is affected to a greater or less degree. Finally, there was a group of 
patients who through the accident of virulence or of their own strength were 
able to overcome the disease to the extent that finally they suffered from only 
what was known as unresolved pneumonia. I think the term “unresolved pneu- 
monia” should be used with a great deal of reservation, because I think it seldom 
occurs. But sometimes the alveoli which usually expand fail to do so, and then 
the lungs are subject to this type of infection which remains for years. From 
six months to a year following these epidemics, an increasing number of patients 
' who had the disease known as nontuberculous lung infection presented them- 
selves at the Mayo Clinic. Nontuberculous lung infection, it seems to me, has 
proved as time has passed to be the beginning of a bronchiectasis, because in 
bronchiectasis three things are usually necessary: infection, stenosis and inflam- 
mation. Infection was implanted and chronic, and it could be shown by exami- 
nation of the sputum to be continuous. Stenosis is more difficult to explain, 
but two conditions can, perhaps, be included as being explanatory of it: first, 
the enlargement of the tracheobronchial lymph nodes, and, second, kinking of the 
diseased bronchi. The inflammation that remained and the enlarged glands or 
stenosis promoted secretion and cough, and the forced inspirational cough 
together with the absence of the usual elastic support to the bronchi, as well as 
the damage to the wall of the bronchus itself, permitted the appearance of 
estasis. So that in greater or less degree, sometimes with the condition impos- 
sible of diagnosis other than as chronic bronchitis, there were patients who had 
a productive cough over long periods of time; this was recurrent with each 
successive infection, with rales of different characters, usually in the bases of the 
lungs. Such a picture has been presented so many times that it seems to me 
that chronic nontuberculous infection is per se beginning bronchiectasis. 

Dr. Frederick T. Lord, Boston: Dr. Stewart has already alluded to the 
tendency to discard the term “chronic bronchitis,” and it is fair to saj" that this 
diagnosis is seldom justified as an explanation of chronic cough and expectoration. 
The most common cause of chronic cough and expectoration is cardiac decom- 
pensation and then in order of frequency come inflammatorj' pulmonary processes 
and uncomplicated chronic bronchitis for the most part only as a manifestation 
of bronchial asthma. In bronchial asthma a toxic bronchial disturbance may 
persist for long periods without giving rise to changes elsewhere than in the 
bronchi. 
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Jackson of Philadelphia and Dr. Yankauer of ■?Je\V ' ■' k, has advanced' this branch 
of medical science, Dr. Lynah has done so. In B( ' at a meeting of the Ameri- 
can Medical Association six or more j'ears age"' , ”owed ’roentgenographically 
for the first time, before the section on laryng6'iilgy the results of his carefully 
planned injections of bismuth oil into the bronchial ca'ities.' 

The advantages that bronchoscopists offer for diagiiosi's and tfeatmetit when 
they do their work carefully should not be overlookdd. If it is made a rule to 
ask their help, much better operations will be performed on'tlie'lahg. Sometimes it 
is possible to diagnose conditions the existence of which would liot have been known 
if injections of the oil had not been made. Dr. Lynah and his specializing colleagues 
were and are able to tell from what lobe or lobes the pift'is being discharged, w'ith- 
out jeopardizing the patient’s life. In the hospital of which I ani a me’hber of the 
staff, there was only one case among many hundreds in which bronchoscopy was 
used in which for some unknown reason the patient suddenly died of shock’'»vnile on 
the table — ^not from subsequent pneumonia. Of course, all surgeons have seen severe 
reactions after bronchoscopy. These are to be expected in conditions of infiain- 
matory origin in the lung after local instrumentation. If I had a case in which I 
wanted to use iodized oil, in spite of Dr. Singer’s ingenious method I would rather 
not have the oil instilled into the trachea. The bronchoscopist, under the guidance 
of his eyes, can introduce the oil into the place he wants it and nowhere else. That 
must prove the safest method for the patient. Guidance by the eyes has greatly 
advanced the therapeutics of disease conditions of the lung as far as diagnosis and 
conservative treatment are concerned. 

Dr. a. L. Lockwood, Toronto: I distinctly want it understood that I had no 
idea of advocating the abandonment of the use of the bronchoscope for iodized 
oil. I simply want to congratulate Dr. Singer on his method. If such a simple 
method can be used to get such excellent roentgenograms, it should be approved. 

Dr. J. J. Singer, St. Louis: I stated definitely that those who used the 
bronchoscopic method are people who know how to use it. I do not know how 
to use it; so I had to use another method. It would not be fair to let this 
symposium end with a comparison between the use of the bronchoscope and 
the use of iodized oil, in lung mapping. That is not being discussed, only the 
methods of using iodized oil. Various physicians have shown various ways 
of introducing it and the different ways in which they have made their diag- 
noses. The bronchoscope will do what iodized oil cannot do. Only the larger 
bronchi can be directly visualized. The bronchoscopic method of introducing oil 
shows more iodized oil spill-overs in roentgenograms than occur in just placing 
the patient as shown in my roentgenograms. If a roentgenogram is the only 
thing desired, one would not use a bronchoscope in the patient when making a 
roentgenogram. Why make roentgenograms at all ? One may take a bronchoscope 
and look. For the sake of argument, I would agree that there is nothing better 
than direct inspection of any cavity. When conditions make that impossible, physi- 
cal signs are used. But a continuation of this subject would introduce a discussion 
of bronchoscopy. There are five bronchoscopists in the hospital of which I am a 
member of the staff. 

What is the value of iodized oil? A picture is painted that the operator 
thinks is there. His imagination may go off on a tangent, but just as soon as 
he knows what to “paint” he does not need 20 or 30 cc. of iodized oil : some- 
times 5 cc. will do. I will say that it is as good for localizing as a bronchoscope. 
One can put it in the upper lobe or the middle or the base. There is no doubt 
that the oil can be put in the upper almost as easily as in the lower lobes. When 
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this group of nontis erculous pulmonary infections, internists believe that there 
are certain- .ways in which this can be done in the absence of tubercle bacilli. 
In the- first place, the evolution and grouping of the symptoms in the tuberculous 
cases is, different from those in the nontuberculous cases, is an important point 
to consider in /' , differentiation. Any case in which there is a sudden 

hemoptysis is pri,,, v, tuberculous, and those cases in which the hemoptysis is 
intercurrent .with c ■ and abundant expectoration may or may. not be tuber- 
culous. Cas^' of p' ' ^ry pleurisy are most probably tuberculous. Cases in 
which there a} signs ■ ./ht disturbance toward the apical region are probably 
tuberculous.’ . say to'w..rd the apical region because it should be appreciated 
that pulmonarj tuberculosis begins in the region immediately below the apex. 
Chief reliance i. ay. be placed on the roentgen-ray appearances, and any case in 
which on,roentgep?-ray examination one finds a finely or coarsely mottled increase 
of density above flv..- anterior portion of the third rib is probably tuberculous. 

Dr. Willy. -M^ver; iNew York: It was illuminating to hear Dr. Hamilton 
state that from 25 to 50 per cent of those presenting themselves because there is 
a likelihood of their being tuberculous are nontuberculous. In 1914 I read a 
paper on bronchiectasis before the meeting of the American Surgical Association 
at the time of its joint session with the International Congress of Surgery in 
New York. This was at the beginning of the treatment of bronchiectasis. In 
order to define clearly, I said that bronchiectasis is a disease of the bronchial tree, 
not of the pulmonary parenchyma. I knew that anatomically this was not absolutely 
correct. I have been severely criticized by a New York colleague for that state- 
ment. It was therefore interesting to me to hear today emphasized again that 
bronchiectasis is to be considered a disease of the broncho-pulmonary system. 

I hope that it will not be thought that I am partial to bronchoscopy, but I 
feel that, when treating protracted conditions of inflammation of the lung, if the 
internist would work with the bronchoscopist he would secure improvement or 
cure in a number of cases more quickly. In this respect I recall one patient 
who was treated by the late Dr. Lynah. I diagnosed the case chronic bronchiec- 
tasis and referred the patient to him for intrabronchial therapy. It was sur- 
prising to see what was accomplished in the case of this girl, who every little 
while had had a recurrence of fever, increased sputum and other symptoms. 
The patient was at last so much improved that she considered herself well. She 
was an Irish girl, and much against our better judgment she returned to Ireland. 
There she soon began to ride the bicycle, dance and help with haying on the 
farm. She enjoyed life as others do for more than a year and a half, when she 
suddenly was taken seriously ill and died. Death may have been due to metastatic 
brain abscess with suppurative meningitis; this not infrequently has been found 
complicating chronic bronchiectasis. I wrote to the physician in Ireland, but 
could not learn the real cause of death. 

The procedure with these patients who suffer from nonspecific chronic 
suppuration of the lung should be one of cooperation. Internist and surgeon 
examine and with the help of the laboratory make the diagnosis. Then the 
patient is referred to the roentgenologist for a refined diagnosis. After this the 
patient with acute, subacute or chronic condition is referred to the bronchoscopist. 
If he decides to treat the patient, the surgeons allow him to see what he can 
accomplish by means of intrabronchial treatment. A number of these patients 
were cured by bronchoscopic treatment. In view of such experience, is it “Ot 
a duty to cooperate in these cases? Naturallj% the bronchoscopist cannot cure 
every patient ; he gradually refers some patients back to the surgeon. 
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bronchiectasis have been treated in tuberculosis sanatoriums. After tr/atmcnt 
bronchoscopically with iodized oil thej' have been able to attend to, the" dutie,s. 

One of Dr. Archibald’s patients, a student with bronchiectasis, who ' ■ e-.from 
Washington, received bronchoscopic treatment from Dr. Birkett andt' . .len .ablc 
to take a course at the university. It has been possible to visualiz associated 
bronchiectasis with pulmonary tuberculosis. Furthermore, ipl .oil ‘ has a 
definite therapeutic value in bronchiectasis. Twp of^ ' -jjatients, had 
bronchiectasis for a great number of years. I have giv'- ji injections of 

iodized oil, and cough and suppuration have diminished./; • are feeling and 

sleeping better. One man who has 'received bronchc .,.i}ic treatment for a 
number of years has gained 40 pounds (18.1 Kg.) in ' ,jght.. One- girl treate/’. 
in the outdoor clinic has gained 17 pounds (7.7 )' in. five months"; 5)^; 

received bronchoscopic treatment combined with iodized oik .. ■ . 

The originators of the method have been internists and consec -utly .have 
had to use other than bronchoscopic methods. But I firmly Hieve wi'li 
Dr. Willy Me 3 'er, Dr. Kernan, Dr. Tucker and others that in the,. future ihic 
best results in diagnosis will be obtained by the bronchoscopic method. 

Dr. Scrimger operated in a case of lung abscess. The abscess was adequately 
drained, but for some unexplained reason the patient was not doing well. He 
asked me to make a bronchoscopic examination. I found the left main 
bronchus blocked with granulations. Snippings were taken and iodized oil 
was then injected. The pathologic report was primary carcinoma . of the 
bronchus. Unless an abscess cavity is aspirated, it will not be possible to fill 
it satisfactorily. Iodized oil has been of value also in the diagnosis of abscess 
of the lung. In some of these cases in which the abscess cavity is filled, the 
iodized oil stops short and leaves a silent area. 

There will always be ill effects when the oil is injected when the patient is 
moribund. A patient with acute pneumonic phthisis was referred to me to be 
given injections, with the obvious results. These patients should never receive 
injections. After treating this patient, a few months ago, I was asked to make 
a bronchoscopic examination on a person who was moribund. I examined the 
larynx and found a complete left recurrent paralysis. I refused to e.xamine him 
unless the attending phj'sician, who requested the examination, was present. As 
he was not present, the examination was postponed. The patient died that 
afternoon. 

In regard to the different methods, all except the bronchoscopic are blind 
methods. 

Dr. Edward Archibald, Montreal: In no other society could one hear so 
wide an authoritative expression of opinion on this new method of diagnosis 
as in this societju Men are gathered here who are particular!}’ interested in the 
refinements of diagnosis, who are keenly alive to all that is new, and who 
probably represent the majority of those who are using iodized oil for this 
purpose at this time. In that sense I think wc may congratulate ourselves on 
this opportunity for exchanging ideas. 
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mere expansion by inspiratory effort. Dr. Meyer spoke of meningitis as a fairly 
common complication of suppurative disease of the lung. I did not knoAv of 
this pathologic sequence, and I am interested to hear that it occurs primarily 
without brain abscess. I did know, of course, that bacterial emboli and multiple 
abscesses of the brain are common in this disease. 

Dr. Nathan W. Green, New York; Some years ago I conducted a series 
of experiments in the physiologic laboratory and in the course of the experiments 
I tried to raise the intrapulmonary pressure, in a simple way, by blowing into a 
tube connected with a manometer. I found that the positive pressure could be 
raised to 60 mm. of mercury. According to Donders the normal negative pressure 
in the pleural space in the human being is 7 mm. of mercury. So I think that, 
as Dr. Lilienthal says, the positive pressure exerted by the spasmodic cougli 
would have more to do with the dilatation of the impaired bronchial tree than 
the forced inspiration as suggested by Dr. Lemon. 

Dr. J. J. Singer, St. Louis : I agree with the other speakers that unresolved 
pneumonia is really not pneumonia. In most instances there is an inflammatory 
reaction in the lung which is pneumonitis rather than pneumonia. This pneu- 
monitis may manifest itself in the form of abscesses that may show only a small 
ulceration while the induration around' it may extend probably 3, 4 or 5 inches 
(7, 10 or 12 cm,). Here and there, there may be more breakdowns, and this 
breakdown represents what has been termed a carbuncle in the lung. I think that 
that description would fit in with many of the so-called cases of unresolved 
pneumonia. I have always felt that the bronchial tubes were nothing more or 
less than drainage tubes that carry the air into the pulmonary alveoli and send 
it back; that they are resistant to infection and bronchitis is really not the case. 
They exude pus from the lung rather than from their own walls. Infection of 
the bronchi is rare. In dogs one can put bacteria on the mucosa of the bronchial 
wall and get no infection, . It certainly must be the same in human beings who 
bring up a large amount of pus, with rarely an increase in temperature. They 
are merely the drainage tubes. The inspiratory element has a part in the develop- 
ment of broi^iectasis, and so has the cough, but neither in itself produces bron- 
chiectasis. There must be weakened extrabronchial tissue that has become 
infected and formed a sort of carbuncle. This weakens the walls not of but 
around the bronchi or the tissues around the bronchi, which form the structure 
around the bronchial tubes. When this tissue breaks down, ulcerates and is 
infected in these recurrent attacks of pneumonitis, a weakened wall around the 
bronchi results, and the deep pressure produced by taking deep breaths will 
eventually push the bronchi in this manner. 

Dr. David T. Smith, Ray Brook, N. Y. : I should like to speak of the bacte- 
riology of chronic nontuberculous pulmonary diseases. I would urge members of 
the association in choosing men to diagnose a case to include a bacteriologist with 
the roentgenologist, the bronchoscopist and the internist. In chronic nontubercu- 
lous infections of the lung there are probably many agents at work. The 
sputum in all these cases should be examined, and when bronchoscopists are 
available, I suggest that the bacteriologist examine material collected direct j 
from the lungs. When the bronchoscopist is not available, good specimens can 
be obtained by brushing the teeth thoroughl}’ several times with toothpaste, 
rinsing the mouth with a sterile mouth wash, then washing the sputum throng i 
several solutions of physiologic sodium chloride solution. The bacteriology 
examinations should be made from the central portion of this washed sputum. 
Some of this material should be examined when fresh, unstained, and some 
should be examined in 10 per cent sodium hydroxide solution. The soduim 
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tion, are frequently thought to have phthisis. This is particularly true 
of the protracted acute or the chronic cases. Pal ^ states that he has 
observed several instances of catarrh of a pulmonary apex in patients 
showing disease of the nasal passage. Disa^jpearance and reappearance 
of the rales run parallel with the condition in the nares. It would 
scarcely be profitable although interesting to follow the historic aspect 
of this subject further. Suffice it to say that comprehensive contribu- 
tions to the literature are being made from time to time, bringing about 
a clearer understanding of this important subject. • - 

The pathologic lesions in the chronic cases are practically those ■ p ' 
bronchitis and fibrosis wtih bronchiectasis and areas of bronchopiV 
monia vai*ying in size. The pleura is involved in many cases anO ■ 
bronchial adenitis undoubtedly exists, while more or less wide.*^' 
emph 3 fsema is induced. Lord, who had little opportunity to stud* e 
pathologic material in his cases, advanced the theory that small ])arc:»-.s 
of the original bronchopneumonia broke down into minute absi’o^^es 
which discharged into the bronclii, inducing a chronic broniliitj*!; 
Recently, MacCallum’s observation on pneumonia following measle.s'in 
soldiers showed that there was a rapid organization of the inflammatory 
exudate involving alveoli, bronchi, interlobar septums, the adventitia of 
the blood vessels and the lymphatics. If these changes were found iti 
the dead, doubtless to a less extent, i. e., in smaller areas, such lesions 
may induce changes more or less permanent in the lung of patients who 
are recovering. This would account for at least a few cases in the group 
under discussion. Fibrosis, emphysema and bronchiectasis, which result 
from the changes described, are promoted to a large extent by super- 
imposed infections, more or less acute, with the various forms of strepto- 
coccus and staphylococcus and the influenza bacillus. 

Klotz has pointed out that the end-results of the pneumonic process 
in influenza are far more complex and indefinite than in lobar pneu- 
monia. From his observations in the Pittsburgh cases during and after 
the epidemic of 1918-1919, it would appear that after influenza the 
lungs are damaged in proportion to the extent to which purulent jineu- 
monia is associated with capillary thromboses, organic destruction, 
abscess formation and reparative processes. In some instances these 
areas may be so small as to pass unnoticed, while in other cases the 
process may be so widespread as to compel attention by both .symptoms 
and signs. 

Dr-\GXOSIS 

Tuberculo.sis is the most common cause of chronic pulmonary dis- 
ease, and the history of tuberculosis in a family is common when one 
surveys the intimate as well as the remote history of a patient. Pleurisy 


1. Pal, J.: Med. Klinik 20:1726-1727 fDcc. 7) 1924. 
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bronchial condition, and the condition of the heart overlooked. I think that this 
is a frequent failing which is unnoticed, and which causes that symptomatology 
called chronic bro?ichitis. The emphasis laid on cooperation by Dr. Meyer is 
important. That ideal is constantly being more closely approached. In respect to 
bacteriology, I made one remark which I repeat now, that from the .standpoint 
of bacteriology the diagnosis is obviously difficult. I agree with Dr. Smith in his 
plea for better methods of diagnosis. In hospitals, a large staff of well trained 
bacteriologists is required, and this takes money and time; whether such expendi- 
ture will be rewarded remains to be seen. I believe that the end is worthy of it. 
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Cough, expectoration and occasional hemoptysis were ‘his chief complaints. 
The pulmonary signs corresponded to those of chronic bronchitis, with many 
fine rales over both pulmonary bases. The heart showed no vahnilar lesion. 
The sputum was free from tubercle bacilli on many examinations, and as 
hemoptysis was regarded at that time as significant of pulmonary tuberculosis, 
elastic tissue was looked for frequentl}*, with equally negative results. Constitu- 
tional evidence of toxemia was absent in this patient. .^He was not emaciated. 
The roentgenograms showed increased detail along the bronchial tree and greater 
densitj' in the hilum of each lung. In short, bronchitis and fibrosis were the 
chief pathologic changes noted. 

Several j'ears later, the patient showed increasing dyspnea with cyanosis and 
marked signs of emphysema, which are the natural results in many patients \\ith 
this history. 

Case 2. — L. C., a woman, aged 48, was admitted to the hospital, Dec." 1. 1924, 
for sore throat, cough and expectoration, loss of weight and strength and pains 
throughout the chest. She said that she had had influenza twice in childhood. In 
the epidemic of 1918 she had had an attack of influenza followed by pleurisy, with 
effusion, and had spent about four months in bed. She stated that she had had 
frequent “colds" since, and had needed treatment by a rhinologist, who said that 
she had “sinus trouble.” 

On admission and for ten days before, the temperature was febrile. There 
was copious, occasionally blood streaked expectoration, probably largely from the 
nasopharynx. The physical signs of pulmonary disease were found mainly over 
the left lower lobe, where the percussion note was somewhat impaired: the breath 
sounds were weak, and many moist rales were heard. Over the right 
base also a few fine rales were heard. On roentgen-ray examination, 
the bronchial tree showed an increased shadow throughout, with thickening 
at each hilum. The fever subsided, the pulse was not accelerated and the sputum 
became less copious; improvement was slow. During tlie last two years, she has 
improved and gained in weight, yet she is still subject to "colds." with cough 
and expectoration. No acid-fast bacilli were found in the copious mucoptirulcnt 
cocciladen sputum. 

Case 3. — ^E. B., a woman, aged 49, was taken ill with headache, fever, mafai.«e, 
sore throat, hoarseness, cough and expectoration ; later, vomited after taking 
food. When seen in consultation with the family physician she presented the 
appearance of one greatly prostrated with an acute pulmonary infection. At 
the age of 39, the patient had been at Saranac Lake for several months taking 
treatment for pulmonary tuberculosis of the right apex, which now gave signs 
of fibrosis. Elsewhere throughout both lungs were found the signs of broncho- 
pneumonia, chiefly in the left lower lobe. The sputum was not blood stained, 
and was always scanty. Tubercle bacilli were never found, although several 
examinations were made. The fever lasted fifty-nine days, after which improve- 
ment was uninterrupted. 

This case was one of an acute bronchopneumonia .sujxjrimpo.scd on 
chronic arrested pulmonary tuberculosis of ten years before without 
unfavorable sequelae after four months' observation. 

When first seen, anxiety regarding the tyjjc of disease with which 
one had to do in this case arose from two point.s of view : First, was the 
process one of tuberculosis from the beginning? If the broncho- 
pneumonia was due to other organisms, how would the dista-e affect 
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the ten postoperative, the twenty-two spontaneous, the nine postbronchi- 
ectatic, the seven postpn^umonic and the eight cases which complicated 
either pulmonary neoplasms or tuberculosis. In all the lesions, two or 
more of the following organisms were identified : spirochetes, fusiform 
bacilli, cocci arid vibrios. 

This peculiar assortment of organisms is frequently found in the 
tonsillar cr)^pts and around the teeth in no less than 80 per cent of 
the population (fig. 1). To my mind this is a point of great significance 
in locating .the source of the infection. In six cases of pulmonary 
abscess, three postoperative and three spontaneous, in which I examined 
with the dark field apparatus both the washed pulmonary sputum and the 
scrapings from the teeth, not only were the same morphologic forms 



Fig. 1, — Spirochetes, fusiform bacilli and cocci from the gums of a patient 
suffering from moderately severe pyorrhea ; fontana stain. 

present, but their varying motility was identical, so that it was difficult 
to tell from the slide alone whether the material came from the teeth or 
from the lungs. 

Furthermore, four cases are recorded in the literature in which 
gangrene or abscess of the fingers and hand followed a bite by human 

Pulmonary Gangrene, J, A. M. A. 81:719 (Sept. 1) 1923. Kline, B. S., and 
Berger, S. S. : Spirochetal Pulmonary Gangrene Treated with Arsphenamins, 
J. A. M. A. 85:1452 (Nov. 7) 1925. Lambert, A. V. S„ and Miller, J. A.: 
Abscess of Lung, Arch. Surg. 8:446 (Jan.) 1924. Peters: Hand Infection 
-A.pparenth’ Due to Bacillus Fusiforrais, J. Infect. Dis. 8:455, 1911, Pilot, I-» 
Davis, D. J., and Shapiro, I. J,: Studies of Fusiform Bacilli and Spirochetes, 
Am. Rev. Tuberc. 8:249 (Nov.) 1923. Pilot, I., and Davis, D. J.; Fusiform 
Bacilli and Spirochetes: Role in Pulmonar}* .A.bscess, Gangrene and Bronchi- 
ectasis, Arcli. Int. Med. 34:313 (Sept.) 1924. 
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Case 5. — P. B., a man, aged 28, v/hen admitted to the hospital, March 11. 
1926, complained of pain and tenderness in the right side of the chest, cough, 
expectoration, hemoptysis, fever, night sweats, dyspnea, weakness and loss of 
weight. He gave evidence of serious disease. At 17 years of age he had had 
“pulmonary congestion,” which confined him to bed for seven months. At 20 
years of age, in the epidemic of 1918, he had been -in bed two months with 
“Spanish grip.” Each winter since, he had had “light grip." In June. 192.S. 
he had suffered severe thoracic pain; later the coxsgh had increased, and • 
expectoration had become more profuse, at times being definitely hemorrhar’ 

In this attack, which had lasted until August, 1925, he had noticed tliai ..le 
odor of the sputum was offensive. He had worked for a few Weeks, but iti 
Januar}', 1926, the cough had become worse and the sputum onefc m’ore showed 
blood. He had night sw’cating and w’as weak, yet he again -iit..)»oved, only to 
suffer a relapse early in March. Shortlj' afterward he came into the hospital. 

He was weak, febrile and anemic, and had moist skin and marked clnbljinu 
of the fingers. The breath had a foul odor. At rest there was no dyspnea. 
The pulse rate was moderately increased. There was poor expansion atitl 
lagging of the right side on inspiration. Tactile fremitus was increased over 
the area of the right lung. Dulness was present from the third rib dowii. 
.Signs of emphysema w'ere present over the area of the left lung, with a few- 
moist rales at the left base. The chief interest centered about the signs in the 
right side of the chest. The upper lobe appeared free. Below this, howevef, 
there were diminished breath sounds; moist and dry rales were widely heard. 
Moist rales were generally present. Sonorous rales were heard at varying intervals, 
while density or dulness w-as most marked in the middle of the area of the right 
lung. The roentgenograms taken before admission, i. e., in January and while the 
patient w'as in the hospital, indicated that there was thickening in both lower 
lobes, more pronounced, how-ever, over the right, giving the suggestion of an 
abscess. Tw'o months later, the roentgenogram suggested fibroid tuberculosis, 
with increasing and irregular shadow’s over the area; a right side cavity without - 
a line of fluid level was suspected. An exploratory puncture over the dense area 
on the right failed to w’ithdraw pus. 

By bronchoscop 3 ’ and injections of iodized oil, 40 per cent, bronchiccta.'iis of 
both low’er lobes w'as demonstrated. The sputum never showed tubercle bacilli, but 
Streptococcus viridans and nonhemolj’tic bacilli were found in a culture from the 
right bronchus. Elastic tissue w’as demonstrated on two occasions. The febrile 
condition lasted for ten daj’s after the patient came to the hospital. Drainage 
was carried out. The sputum lost its foulness, lessened considerably in quantity, 
the density of the lung areas cleared, and the patient improved greatl.v. He was 
discharged, after seven weeks in the ward, to go to the country. To the present 
time, he has not reported. 

CONCLUSIONS 

The late results in these cases, as well as in practically all cases ot 
the class under consideration, depend not only on the extent of the pri- 
mary injury’ to the pulmonary tissue but also on the frequency of recur- 
ring and superimposed infections, and the type of infection. These 
results, too, we believe are dependent on circulatory disturbance.<. which 
in not a few instances are caused by toxemia and overwork acting on 
the heart muscle, impairing its efficiency and increasing the dyspnea, 
cough and expectoration, as well as the signs of chronic bronchitis. 
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Fig. 2. — Lungs of a guinea-pig that one month previously had received 0.5 cc. 
of the pyorrhea material shown in figure 1. At necropsy, three separate, discrete, 
well walled-off abscesses were found which contained spirochetes, fusiform 
bacilli, cocci and vibrios. 



Fig. 3. — ^Lungs of a guinea-pig that had received 0.5 cc. of pj'orrhea material 
ten days before necropsj\ This abscess approaches the bronchiectatic tj'pe; in it 


were found spirochetes, fusiform bacilli, cocci and vibrios. 
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Dr. D. a. Stewart, Ninette, ]Man. : Dr. Hamilton spoke of the many non- 
tuberculous patients sent to sanatoriums as tuberculous. About a quarter of a 
century ago, a big antituberculosis campaign began, and tlie fact became gen- 
erally recognized that tuberculosis was not a disease confined to those with gross 
symptoms, but was almost universal; at least, the infection was universal even if 
the disease was not. The pendulum swung definitely in the direction of presum- 
ing tuberculosis and putting the onus of proof on tiie one who would unmake rather 
than on the one who had made this diagnosis. Almost eWry pulmonary condi- 
tion was suspected to be tuberculous unless positivelj proved to be something 
else. The great aim was early diagnosis. There is, no doubt that there was 
much overdiagnosis of tuberculosis. Then came the war arid the pulmonary 
infections that belong to the trenches, and the stream of men that came hack 
with conditions diagnosed as tuberculosis. It will be remembered that 1^,000 
men were taken out of the French arm}' and sent home because they coughed and 
expectorated, had blood in the sputum and fever, and that Rist organized a 
sifting out clinic and sent 80,000 back as not having tuberculosis. The idea 
began to grow then that although there was need for earl}* diagnosis iti these 
cases, accuracy was even more important. Then came the greater use of the 
roentgen ray, of the bronchoscope and of iodized oil, better bacteriology and 
better and newer surgical procedures for the chest, and so greater accuracy in 
diagnosis has begun. In the Phipps Institute a number of years ago, atnong 
patients classed as having far advanced cases of tuberculosis it was found post- 
mortem that 10 per cent did not have tuberculosis but had other pulmonary 
conditions. I think that fully 50 per cent of the patients presenting themselves 
at sanatoriums for diagnoses may have nontubcrculous conditions, but a much 
smaller number are sent to sanatoriums mistakenly as tuberculous. DilTcrential 
diagnoses are much better made by general practitioners than they used to be. 
Common colds, pneumonia and influenza have more nontuberculous than tuber- 
culous conditions as their sequelae. The early stages of septic lung infections 
are among the most common conditions met. I do not agree with Dr. Hamilton 
that all of these patients should be referred to surgeons. Improved methods in 
bacteriologj', of which Dr. Smith has spoken, promise better means of medical 
treatment. It must be remembered that even those who have definite tuberculosis 
may have other conditions as well, and that tuberculosis reaches its most danger- 
ous stage when there is mixed infection. There is a much better armamentarium 
than ever before. The sanatorium should make diagnoses of all conditions of 
the chest, and perhaps give treatment for them. 

Dr. Freperick T. Lord, Boston: As to the pathology of chronic nontubcr- 
culous lung disturbances and especially to the prevalent use of the term bron- 
chiectasis, bronchial dilatation is the most obvious incident in certain of these 
chronic conditions, but it should be realized that from the pathologic point of 
view bronchiectasis almost never exists alone. The only condition in which, 
from a pathologic point of view, we find it existing alone is in cases of bronchial 
asthma. When there arc bronchial dilatations in other conditions there are 
important changes in the lung and usually a much more important change in 
the lung than dilatation of the bronchi. These cases of so-called bronchiectasis 
of which the roentgenologists and the brotichoscopists speak are really more 
appropriately called chronic bronchopulmonary infections with or without bron- 
chial dilatation, but the bronchial dilatations may be merely incidental to more 
important pulmonary lesions. The usual pulmonary conditi<jn in thc.«e chronic inflam- 
mations is fibrosis of the lung tissue with or without cavity formation and 
bronchial dilatatimi. .\s to the differentiation of the cases of tuberculosj*: from 
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eight to ninety-six hours with extensive bilateral pneumonia. One guinea-pig 
and one rabbit presented widespread gangrenous and abscessed areas in 
both lungs. In all the lesions the fusospirochete-cocci combination of organisms 
was recovered. 

COMMENT 

Although a variety of organisms, including staphylococci, Fried- 
lander bacilli or even colon bacilli, may occasionally produce lung 
abscess, it would seem, from experimental, pathologic and bacteriologic 
studies, that the common cause of this condition is the anaerobic group 
of organisms which is composed of (1) spirochetes of several morpho- 
logic types (Treponema macrodentum. Treponema microdentuni, Spiro- 
chdeta huccalis and Spirochaeta vincenti), (2) fusiform bacilli, (3) 
streptococci and (4) vibrios. 

Organisms Found at Necropsy in Fifty-Six Cases of Lung Abscess 


Number of Fusiform 

Predisposing: Condition Oases Bacilli Cocci Spirochetes Vibrios 


Spontaneous 22 22 21 15 10 

Operation 10 10 0 9 3 

Bronchiectasis 9 9 8 9 4 

Pneumonia 7 7 7 7 2 

Neoplasm ;... 4 3 4 2 1 

Tuberculosis 4 4 4 8 1 


56 56 53 45 27 


It is probable that these organisms occasionally reach the lung by 
means of an infected embolus when the operative field is in an area in 
which they are habitually found, as in the gums and tonsils. However, 
the aspiration theory offers an equally good explanation for the pul- 
monary abscesses subsequent to operation on the upper respiratory tract, 
and a much more logical one for nonoperative pulmonary abscesses or 
those which follow a clean extrarespiratory operation. 

CONCLUSIONS 

Pulmonary abscesses have been produced in mice, guinea-pigs and 
rabbits by intratracheal inoculation of material scraped from the alveolar 
border of the teeth of patients suffering from moderately severe pyor- 
rhea. 

The same morphologic types of organisms have been recovered from 
these experimental abscesses as were found in both postoperative and 
nonoperative pulmonary abscesses in man. 

Aspiration of infected material from the teeth and tonsils probably 
accounts for the greater number of cases of pulmonary abscess, although 
a small number may result from infected emboli from the upper respira- 
tor}' passages. 
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A new addition to conservative surgical treatment was .}uMi5hed I)y Saucr- 
bruch a few weeks ago. It is for those with the subacute rather, than the 
chronic cases of lung suppuration of the nonspecific type. He speaks of 
the surgical treatment of cavities near the hilum. How is il^ po:;sible to pet at 
these with greater certainty without eventually jeopardi^^ the life of the 
patient? The parenchyma of the lung must be traversed i'' .cr to reach such 
a cavity surgically. He has used the method of Baer,- ich some surgeons 
have used for tuberculous patients who did not respond.' i-a complete collapse 
after extrapleural thoracoplasty, -After apicolysis' tin*', uy-ab ’c tlie lung is 
filled with a paraffin plomb. In a number of instances — ^;<c menti- -s ten of these 
suppurating cases — Sauerbruch has resected several ribs with 1 eir periosteum, 
extirpated the intercostal muscles, exposing the parietal plcura',=- ft he then saw 
by the motions of the lung that there were no adhesions, he -di.-l not proceed but 
used the paraffin, spreading it over an area the size of td'o' hands on the parietal 
pleura. Then he turned back the muscles, sutured the skin completely and waited. 
In some instances this alone sufficed to compress the cavity, sufficiently,’ and the 
latter healed. In other more aggressive cases, the compressioti and the changes 
that came about in the lung in from two to three weeks allowed the pus to perforate 
■ into the area about the plug. Then when the wound was opened and the plug 
removed, a tiumber of perforations made by nature were seen. By enlarging them 
slightly and packing the wound with gauze the cavities near the hilum in ten 
patients were healed. I think that this treatment is an important addition to our 
conservative operative resources. But in some of these cases, if not too urgent, 
bronchoscopy might be successful. 

I think it is agreed that in diseases of the thorax the anatomist and the physi- 
ologist, the chemist and the physicist, the internist and the surgeon, the roent- 
genologist and the bronchoscopist should cooperate. To continue the progress 
in the treatment of lung suppuration made in the last ten to fifteen years these 
various branches of medicine and surgery must never cease to work together. 

Dr. Howard Lilienthal, New York: I was much interested in Dr. 
Hamilton’s estimate of the great number of nontubcrculous patients who come 
to a sanatorium with a diagnosis of probable tuberculosis. It is far in c.xccss 
of what I should have expected. Hemoptysis has been referred to here as 
occurring early in tuberculosis without previous symptoms. Wc know that it 
does occur in the progress of the disease also, and that it may be dangerous, hut 
I wish to call attention most emphaticall}' to the danger of hemoptysis in non- 
lubcrculous conditions, especially in the putrid forms of suppurative diseases of 
the lung. If I may judge by what I have seen myself, the danger of death from 
hemoptysis in suppurative disease of the lung is great. When a patient begins 
to spit blood in quantity, that is a sign that some surgical procedure should lie per- 
formed because the chances of his dying as a direct result of repcatcil hemor- 
rhages arc great. 

I do not want to be too critical, but when Dr. Lemon speaks of fiirced 
inspiration as a cause of dilatation of the bronchi from which the rigid p.nrt«; 
had vanished, I should like to take exception. I do not think th.it it is the 
inspiration; it is the spasmodic cough that forces the air down into these bronchi 
with wcakned walls, producing expansion. This happens in cases in which 
foreign bodies have been partly impacted in a bronchus and in which the cough 
drives some air past the obstruction which cannot get back afterw,ir<l. I have 
not proved it experimentally, but it stands to reason that the violence of the 
driving of air from the sound parts of the lung into the weakened bronchi with 
the closed glottis, as it occurs in cough, is a much more powerful influenc*: tlian 
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resi-.ratory tract in the presence of an infection. One aspect of these cases 
which alwa3's seeins to me of importance in this argument is that there is a 
much greater incidence .of i scess pf the lung in winter than in summer. This 
■ is hard . jtq . explain on. the b. i.s .o?'Vembolism and easy to explain on the basis 
of aspiration; in .the.. winter, the respiratory tract is much more prevalently 
affected.. I dp, not .understand Dr. Smith to state that he regards these organisms 
as the established cause., of -these., abscesses. That would be difficult to prove 
without th.e isolation of. the organism in pure culture and the production of 
abscesses by that .pure culture. I have examined the expectoration of persons 
with pulmonary abscess .for spirochetes and almost invariably found them. 
They are also present in empyema, secondary to abscess and in. abscess pus 
obtained. at operations on Jhe chest wall; so that in almost all cases of abscess 
the presence of ' these 'drganisms may be said to be established. However, it 
is difficult to ascribe 'chiisf importance to them in the etiology, because they 
are almost invariabl’y^'miked with other organisms. 

Dr. a. V., S. Lambert, New York: Dr. Smith has accomplished something 
that many have been trying to do for a long time. It is interesting to compare 
Dr. Smith’s procedure with that which others have employed. He allowed the 
injection to trickle in rather slowly over a fairly long period of deep anesthesia, 
as I understand it. This was ideal and obviously the thing to do, but it had 
not been done. 

The organisms I was able to isolate apparently were identical with those 
which Dr. Smith found. I recovered the organisms from abscesses at the time 
of open operation through the chest wall. I subjected the animals to anesthesia 
and gave only one large injection into the trachea and then allowed the animal 
to recover from the anesthetic. I think that Dr. Smith’s success lies in allowing 
a slow trickling in of the organism, reproducing intelligently the conditions 
present during operation. I failed to do this. The aspiration etiology is well 
established. This does not necessarily rule out all embolic cases. The ones 
W'hich may have this factor as a possible etiologic factor are the cases which 
supervene a long time after anesthesia, usually as long as a week or ten days. 
It is at this time that emboli are likely to be dislodged, especially if infected. In 
mj' series of abscess cases, I saw a number that occurred from the seventh to 
the eleventh day after operation. In my experiments the only abscess which I 
was able to establish, using a pure culture of organisms obtained from lung 
abscesses which had been grown on a Noguchi medium, was in flea bites m 
the ear vein of a rabbit in which I had established a suppurative phlebitis. 

Dr. Leo Eloesser, San Francisco: I should be inclined to suspect that the 
fact that in his experiments Dr. Smith laid bare the trachea and brought it up 
to the skin played a role in their success. It is interesting that he found first 
pneumonia, if I understand it correctly, and then the secondary abscess 
implanted on this primary pneumonia. Perhaps this might account for some of 
the questions Dr. Lambert has raised as to the role played bj' the spirochetes 
and the other invaders of the mouth. Are they merelj' implanted on a pneu- 
monia, and do thej’’ cause gangrene secondarily, or are thej' a primary agent 
in causing the gangrene? Dr. Cutler’s experiments are in a measure open to 
criticism because his method of tjdng off a vein, putting a small lead pellet m 
it and putting bacteria into this tied segment of vein is far from the conditions 
that cause the usual lung abscesses in human beings. It is notable, however, 
that by these methods he produced onlj' a single lung abscess, and that the 
usual postoperative lung abscess is also single, whereas in pj'emia with embolism 
abscesses are multiple. After the articles appeared from von Muellers clinic 
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l^droxide digests the pus cells and the mucus and leaves in sharp outline any 
fungus that may be present in the sputum. Bj- this method it has been possible 
to diagnose, at the New York State Hospital, one case of aspergillosis, two cases 
of oidioms’cosis, five or six cases of moniliasis and one case of sporotrichosis, 
I cannot prove that these organisms were the cause of the nontuberculous disease, 
but in certain cases in which iodine was administered the organisms disappeared 
and the patients improved. 

Cultures should be made for fungi because certain 'of the fungus organisms 
will grow when the}' cannot be seen in the pus, and in ever;, case in which they 
are seen the diagnosis should be confirmed by a culture. Castellani recently 
described an anaerobic fungus that he found in certain chronic nontubcrcnlons 
infections. Consequently both aerobic and anaerobic cultures should be made in 
every doubtful case. Many of the organisms in the lung arc anaerobic, as Dr. 
Lambert has found, and simple aerobic cultures will give misleading results, 
I would • suggest that smears be made of the material, and that they be stained 
by two or more methods. Smears should be obtained by the Gram method to 
show the variety of organisms, and then with some simple stain, such as mclliylcne 
blue or gentian violet, to show whether fusiform bacilli are present or not. If 
fusiform bacilli are present, smears should be stained for spirochetes by the 
Fontana method. 

Dr, Edward W. Archibald, Montreal: In regard to this subject, I have had 
ideas along lines that have not been discussed as far as I can find. I speak of 
lung scars remaining from unresolved infections or partially resolved infections 
which have been overcome and remain in a condition of chronic infiltration, or 
become actual scars with localized contraction of the contiguous lung tissue. 
Such cases, I have read, are frequently accompanied by dyspnea and shortnc.ss of 
breath on slight exertion, and the roentgen ray shows one or sc\eral areas of 
indefinite shadow. These patients are handicapped, but not seriously. There is 
no question of pus and none of the condition to which Dr. Lord has referred, 
chronic lung infection, of which dilatation of the bronchi is only a. part. Exclud- 
ing bronchiectasis, abscess cases, great interference with pulmonary aeration is 
shown by chronic infiltrations. This indicates that the conditi^Jh should be 
classified as one caused by lung scars, characterized by shortness of breath and 
disability to perform a full day's work. Is there anything surgery or medicine 
can do for these patients? This leads to my question, which is: In such cases, 
is the shortness of breath due to any compensating emphysema in other p;irts of 
the lung or to a loss of the elastic tissue such as is found in chronic emphysema 
with the barrel chest, so that expiration rather than inspiration is difficult? 
E.xpiration is slow. If the answer should be that this emphysema is >iot due to 
the scar itself nor to any associated bronchiectasis or itifcction, is there anj- 
thing that can be done? I would answer my own question partly by sugeesting 
that a slight partial compression of the emphysematous lung be performed. 
Is anything to be gained by slight compression which could be provided by mild 
unilateral or bilateral pneumothora.x kept up for a consider.able time, one, two 
or three treatments to be ultimately substituted by a small thoracopl.-ivty ? 

Dr. W. F. Hamiltox, ilonlrcal: There arc several points in this «!i!CU‘v;,,ii 
that interest me. The first was made by Dr. Stewart, I should have jiut the 
percentage in the reverse order, that i.*. from 50 to 25 per cent, 50 some time 
ago and 25 at present, with the increasing precision of <li:ie!i >'is whidi i« admitted 
to be present and which may be improved. Dr. Lor<rs remark-: :d>-.iut ciip-tiic 
bronchitis pleased me greatly. I'or a long time 1 have held the idea thrjt diagnosis 
of chronic bronchitis failed when attention was directed particularly twward the 
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The diaphragm presents a striking barrier to the spread of infection 
from the pleural cavity. Extension through it in cases of empyema or 
lung abscess is remarkably infrequent. In a series of 190 cases of 
acute and chronic empyemas in the surgical service of the University 
Hospital since Jan. 1, 1915, infection has passed through the diaphragm 
in only a single instance (case 10), and in this patient the diaphragm was 
traumatized at operation. 

In infections originating below and in contact with the diaphragm, 
however, the likelihood of the process passing upward to involve the 
pletiral cavity or lung parenchyma is distinct. In our series of twenty- 
four cases of subphrenic abscess, a transphrenic infection has taken 
place in eight spontaneously. In another, the pleura was opened in 
draining the abscess, but already there was such a marked and sudden 
reaction in the pleura that infection of it was imminent (case 8). 

This is explainable on the basis of the lymphatic drainage of the 
diaphragm. The latter is supplied with a rich network of lymph vessels 
which lie on the thoracic and abdominal surfaces of the muscle, penetrate 
it freely, and drain into systems of nodes which lie on the thoracic side. 
Probably in most cases extension of infection upward is purely lymphatic 
at the onset. 

An uncomplicated subphrenic abscess will often present a clinical , 
problem which is difficult to interpret and to treat. This is likely to be 
greatly increased when the condition is complicated by an extension of 
the infection above the diaphragm to pleural space or lung. 

ONSET AND CLINICAL COURSE 

In this series of ten cases, three patients developed subphrenic infec- 
tion as a complication of an acute attack of appendicitis. A fourth had 
been operated on for appendicitis t\vo years before, and at necropsy an 
abscess was found extending from the diaphragm to the pelvis with a 
perforation into the cecum. Four patients probably had acute perfora- 
tions of peptic ulcers. One patient had a perinephric infection. The 
tenth case was originalh* one of acute empj'ema. 

Spread of tlie infection through the diaphragm took place insidioush 
in seven of the cases. In one patient a subphrenic abscess formed as a 


*From the Department of Surgery, University of Iowa College of iledicine. 
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The apparent increase in the incidence of pulmonary abscess, espe- 
cially the postoperative form, has become a serious problem for both 
surgeon and physician. There are two important theories regarding the 
cause of pulmonar}* abscess, the embolic and the aspiration theories. 
At present each has about an equal number of adherents. The evident 
conflict between these theories is an obstacle to the adoption of satis- 
factory methods of prevention. Consequently, it would seem advisable 
at this time to attempt to appraise their relative value. 

Included among the chief supporters of the embolic theory are 
Fetterolf and Fox,^ and Cutler - and his associates. Cutler, in a series 
of ingenious and well controlled experiments, produced pulmonary 
abscess in the dog with infected emboli. However, he was unsuccessful 
in his attempt to produce a similar condition in dogs by the aspiration 
route. He concluded from these observations that most cases of 
postoperative abscess are embolic in origin. 

Cutler and Schlueter® compiled from the literature 1,908 cases of 
pulmonary abscess, of which only 30 per cent were postoperative. They 
made no attempt to explain the remaining 70 per cent, stating that an 
abscess following pneumonia or bronchiectasis was essentially different 
from one developing subsequent to an operation. Apparently, this view 
is not supported by bacteriologic or pathologic studies, I compiled 
fifty-six cases from the literature (accompanying table) in which the 
predisposing cause was known and in which bacteriologic and pathologic 
studies had been raade.^ There was no essential difference noted between 

* From the New York State Hospital for Incipient Pulmonary Tuberculosis. 

1. Fetterolf, G., and Fox, H.: The Paratonsillar Tissues in Relation to 
Posttonsillectomy Abscess, Proc. Am. Larj-ngol. A., 1923, p. 252. 

2. Cutler, E. C., and Schluetcr, S. A.: The Experimental Production of 

.-\bsccss of the Lung, Ann. Surg. 84:256 (Aug.) 1926. Holman; Wcidlcin, and 
Schlucter: Method for the E-xperimcntal Production of Lung Abscess, Proc. 

Soc. Exper. Biol. & Med. 23:266, 1926. Schlucter, S. A.; Wcidlein, I. F., and 
Cutler, E. C. : The Experimental Production of Lung Abscess, New York State 
J. Med. 26:767 (Sept. 15) 1926. 

3. Cutler and Schlucter (footnote 2, first reference). 

4. Buday: Histologische Untcrsiichungcn fiber die Entstehungsweise dcr 
Lungengangran, Beitr. z. path, Anat. u. z. allg. Path. 48:70, 1910. Fishberg, 
Maurice, and Kline, B. S. : Spirochetal Pulmonary Gangrene, Arch Int, Med. 
27:61 (Jan.) 1921. Kline, B. S. : Spirochetal Pulmonarj* Gangrene, J. A, M. A. 
77:18/4 (Dec. 10) 1921. Kline, B. S., and Blankenhorn, M. A.: Spirochetal 
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DIAGNOSIS 

. ■ A carefully taken history with special stress laid on etiology is of the 
greatest importance. In case 2, failure to observe this led to an inac- 
curate interpretation of the observations. In the chronic or latent 
cases with the history of an acute abdominal insult, such as perforation 
of a peptic’ ulcer or acute appendicitis, one should always suspect the 
presence of a subphrenic infection even through the symptoms are 
referable to the thorax. * 

The roentgen-:ray study must be tliorough. One may ‘easily over- 
look evidence of- a subphrenic abscess when concentrating attention on 
the intratlioracic pathologic condition. In case 2, the roentgenographic 
demonstration of such an abscess was neglected for weeks because of 
the obvious evidence of a gross pathologic condition in the lung or pleura. 
The roentgen ray may be misleading, however, if depended on too much. 
Figure 15 was the evidence for a diagnosis of subphrenic abscess, 
secondary to a lung infection. This proved to be an empyema with no 
involvement below the diaphragm. Lung mapping will help in certain 
cases. In case 1, it was a great aid in localizing the intrathoracic course 
of the intestinal-bronchial fistula. In case 2, it demonstrated a lung 
abscess as distinct from the subphrenic abscess beneath it. 

Tenderness under the costal margin and in the flank, with rigidity of 
the wall, cannot be passed over too lightly in cases in which the pathologic 
condition is seemingly all above the diaphragm. 

TREATMENT 

In this series, there were two cases in which drainage of an empyema 
led to an apparent cure of the subphrenic infection. In each, there was 
a gross defect in the diaphragm connecting the two areas. In a third, 
drainage of the empyema had no influence on the subphrenic infection. 

In one case, drainage of a subphrenic abscess did hot prevent the later 
development of an empyema. In one, the drainage of the subphrenic 
abscess has caused almost complete relief of symptoms referable to a 
lung abscess, with possibility of cure. In another, drainage of the' sub- 
phrenic abscess was followed by death. In tliis case, the pleura was not 
grossly infected and was accidently opened. 

In two cases, a subphrenic abscess and communicating empyema were 
both drained. One of these patients recovered. The other died, and 
necropsy disclosed an extensive abscess from diaphragm to pelvis. 

In one case drainage of an enormous subphrenic abscess had no great 
effect in clearing up the intrathoracic infection because the latter com- 
municated with the large bowel and was not in intimate relation with 
the abscess at the time of operation. 
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teeth.® Examination of the pus from these patients revealed spirochetes, 
fusiform bacilli and cocci in three and fusiform bacilli and cocci without 
spirochetes in the fourth. These accidental infections, which are prac- 
tical!)' the equivalent of experiments on human beings, indicate that the 
organisms found about the teeth may, under certain conditions, become 
virulent for man. The foregoing observations offer strong presumptive 
evidence that the teeth and tonsils are the usual sources of infection in 
both postoperative and nonoperative pulmonary abscess. 

If this view is correct, the question arises regarding the channels 
by which the organisms from the mouth gain access to the lungs. The 
following experiments were planned to determine this point. 

EXPERIMEXT-\L REPRODUCTIOX OF PULMOXARV ABSCESS ‘ ‘ 

I attempted to produce pulnionarj- abscess in lift)' mice, forty guinea-pigs, five 
rabbits and three dogs by intratracheal inoculation of bloody material obtained 
from about the teeth of patients suffering with moderately severe ryorrhea. 
The development of spontaneous lung abscess was not noted in any of the stock 
animals. 

After the animals were anesthetized with ether, the trachea was dissected out 
and elevated to the skin surface. A small caliber needle was plunged through tlie 
tracheal wall and the infecting material injected so that it trickled down into 
the lungs drop by drop. The dose for mice varied from 0.05 to 0.1 cc. : for 
guinea-pigs, from 0.1 to 0.5 cc. ; for rabbits, from 0.5 to 1 cc., and for dogs, 
from 3 to 5 cc. By ^•arying the position of the animal, the material could be 
directed into either the right or the left lung. This technic offers no gross 
insult to the lungs, and simulates rather closely the circumstances under which 
an anesthetized patient aspirates material from the mouth. 

Roughlj', 30 per cent of the animals remained well, 50 per cent died of pneu- 
monia and 20 per cent developed pulmonarj' abscess. The controls, ten mice and 
seven guinea-pigs injected with the same material rendered sterile by heating to 
60 C., failed to develop pulmonary lesions. The absence of pulmonary disease 
in the fifteen mice and twelve guinea-pigs may probably be c.\'plaincd by natural 
resistance, by difference in dosage, by an active cough reflex which e.xpcllcd the 
injected material from the lungs or by recovery from the infection. 

Twenty-five mice and twenty guinea-pigs succumbed to pneumonia in from 
twenty-four to ninety-six hours following the intratracheal injections. Grossly, 
there was nothing characteristic about the pneumonic lesions; yet the stained 
smears showed spirochetes, fusiform bacilli and -cocci, and anaerobic cultures 
yielded a growth of fusiform bacilli and streptococci. It is interesting to note that 
the animals that survived two weeks or longer, at necropsy showed no evidence 
of pneumonia; they either were normal or presented evidence of i)\ilmonary 
abscess. 

In the ten mice and eight guinc.a-pigs that developed abscesses (figs. 2 and 3'», 
smears and cultures showed spirochete-s, fusiform bacilli, anaerobic strep;<>cocci. 


5. Hultgcn, J. F. : Partial Gangrene of Left Index Finger, 1. A. M. 
55:857 (Sept. 3) 1910. Peters (footnote 4, seventh reference). Pilot, I., .anti 
Meyer, K. : Occurrence of Fusift»rm Bacilli ami Spirt ‘clietei in a Gangre:'.''U' 
Lesion of the Finger, .Arch. Dermat. & Syph. 12:837 tl>tc.) 192*. 
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DIAGNOSIS 

, A carefully taken history with special stress laid on etiology is of the 
greatest importance. In case 2, failure to observe this led to an inac- 
curate interpretation of the obseryations. In the chronic or latent 
cases with the history of an acute abdominal insult, such as perforation 
of a peptic’ ulcer or acute appendicitis, one should always suspect the 
presence o'f a subphrenic infection even through the symptoms are 
referable to the j:horax. * 

The roentgen-ray study must be thorough. One may 'easily over- 
look evidence of- a subphrenic abscess when concentrating attention on 
the intrathoracic pathologic condition. In case 2, the roentgenographic 
demonstration of such an abscess was neglected for weeks because of 
the obvious evidence of a gross pathologic condition in the lung or pleura. 
The roentgen ray may be misleading, however, if depended on tod much. 
Figure 15 was the evidence for a diagnosis of subphrenic abscess, 
secondary to a lung infection. This proved to be an empyema with no 
involvement below the diaphragm. Lung mapping will help in certain 
cases. In case 1, it was a great aid in localizing the intrathoracic course 
of the intestinal-bronchial fistula. In case 2, it demonstrated a lung 
abscess as distinct from the subphrenic abscess beneath it. 

Tenderness under the costal margin and in the. flank, with rigidity of 
the wall, cannot be passed over too lightly in cases in which the pathologic 
condition is seemingly all above the diaphragm. 

TREATMENT 

In this series, there were two cases in which drainage of an empyema 
led to an apparent cure of the subphrenic infection. In each, there was 
a gross defect in the diaphragm connecting the two areas. In a third, 
drainage of the empyema had no influence on the subphrenic infection. 

In one case, drainage of a subphrenic abscess did hot prevent the later 
development of an empyema. In one, the drainage of the subphrenic 
abscess has caused almost complete relief of symptoms referable to a 
lung abscess, with possibility of cure. In another, drainage of the' sub- 
phrenic abscess was followed by death. In this case, the pleura was not 
grossly infected and was accidently opened. 

In two cases, a subphrenic abscess and communicating empyema were 
both drained. One of these patients recovered. The. other died, and 
necropsy disclosed an extensive abscess from diaphragm to pelvis. 

In one case drainage of an enormous subphrenic abscess had no great 
effect in clearing up the intrathoracic infection because the latter com- 
municated Avitli the large bowel and was not in intimate relation with 
the abscess at the time of operation. 
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vibrios and rarely leptothrix-like organisms. As a rule, the puinca-pig; v.erc 
killed two weeks after the intratracheal inoculations, but one old male pig that 
seemed well nourished was allowed to live one month, and at necropsy three v. eil 
walled-off abscesses were discovered, each connc-cted with a bronchus Osp. 2». 

The dark field examinations of the pus from all the experimental ab'Ccsses 
showed organisms morphologicallj* identical with those recovered from pul- 
monary abscesses in man. 

Late in the investigation, it was discovered that rabbits also were snsceptibSe 
to these organisms. One of the animals died eight days, after rcccivin,, ar 
intratracheal injection of 1 cc. of material obtained from about the teeth of a 
patient suffering from pyorrhea. When the thorax was opened, the left lunc was 
norma! ; the right showed a purulent, foul smelling empyema and .several pul- 
monary abscesses (fig. 4). The dark field examination of the punilem fluid 



Fig. 4. — Lungs of a rabbit that died eight days after intratracheal injection 
of 1 cc, of pyorrhea material. Ai necropsy, empyema was found in the right 
pleural cavity, and several abscesses in the right lung, spirochetes, fusiform 
bacilli, anaerobic streptococci and vibrios were grown from the pulmonary lesions. 


showed large numbers of spirochetes, fusiform bacilli and cocci. Cultures from 
the diseased lung gave an excellent mi.xed growth of spirochete.', fu'iform 
bacilli and streptococci, which have now been propauated for eight peu'-ratfous. 
The results of this experiment are in accord with the ob=crvation« of Kline,'- 
who in 1923 produced plcuropulmonary gangrene in a rabbit by intnibronchial 
injection of material from a carious tooth. 

Three dogs received intratracheal inoculations *tf pyorrhea material which v.a*- 
virulent for rabbits, guinea-pigs and mice, yet at nccrop.sy t!:e doer' pr>-''-r.ted no 
pulmonary lesions. 

Two rabbits and eight guinea-pigs were given intrasenou' inoculation' of 
pyorrhea material. Two of the guinea-pia.' remained well and w.-re T.-^rma; at 
necropsy. Five of the guinea-pigs and orre of the rabbit- died in from forty- 


6. Kline, B. S. : Experimental Gangrene. J. Infcc;, D:-. 32:-JS! ''Jur.e.i 1923. 
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The hemoglobin content was 75 per cent ; the red blood cells totaled 4,159,000 
and the white blood cells 14,300. 

Urinalysis was essentially negative. 

Operation and Course . — ^An operation was performed, April 9, under ethylene 
anesthesia. A left niuscle splitting incision below the iliac crest opened into an 
abscess containing 'more' than 2 quarts (1,892 cc.) of brownish yellow pus, mod- 
erately thin, odorless and containing small clumps of fibrin. A counter drain 
was made' in' the flank. A' pure culture of Staphylococcus aureus was grown from 
the pus. Drainage from the cavity persisted, with no tendency for the latter to 
heal. The cough and Sputum were not relieved and an irregular fever persisted. 



Fig. 1 (case 1). — Lung mapping with iodized oil, showing the localized 
accumulation in the angle between the diaphragm and the spine at the level 
of the tenth rib. When a barium enema was given, a narrow tortuous tract 
became outlined; this began in the region of the splenic flexure and passed 
toward the area seen in this view. When this point was reached by the barium 
the patient had a violet paroxysm of coughing and raised some of the barium 
suspension. It was not possible to get roentgenographic evidence of the tract 
because of the cough. 

together with a leukocj'tosis around 15,000. Irrigation of the cavity with surgical 
solution of chlorinated soda (Dakin’s solution) at no time induced coughing. 

Lung mapping was done by Dr. L. W. Dean, and Dr, T, F. Baxter reported 
on the roentgen-ray examination : Fluoroscopic examination was made after the 
injection of the lungs bilaterallj’ with iodized oil, 40 per cent. The base of the 
right lung showed a reasonably large amount of iodized oil with nothing unusual 
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ABSTRACT OF DISCUSSION* 


Dr. ■ Willy Meyer, New York: Dr. Smith has marie an impirtriiit 
contribution to thoracic surgerj', in particular to suppurative proces.cc.s <>f tile 
lung. His paper is divided into two parts: the present general discussion wiiiiin 
the medical profession with reference to the etiology of lung abscess — Is it in 
the majority of cases due to aspiration, or is it due to embolism ? — and. second, 
the treatment for the foul odor of the secretions of the lung by tlic intravenous 
introduction of ncoarsphenamine. I am sure that when this discussion arose as 
to whether the cause of lung abscess was aspiration or embolism, the greater 
number who have followed patients of this tj-pe clinically fr»r some time invariably 
have come to the conclusion that the majority of these cases arc due to aspiration. 
One c.xpcrience in particular deserves mentioning. Suppo>c a purely abflcininal 
aseptic operation has been performed, under general anesthesia; there was perfect 
primar}’ union; yet a lung abscess developed. Of course, that docs not alway- 
happen, because pj-orrhea is present. On the contrary. I believe that often vmniting 
is the cause — not pronounced, but slight vomiting — when the content.'' of the 
stomach have been brought up into the pharynx, from where they were aspirated. 
We all know, of course, that embolism may be the cause of lung abscesses, 
but, I think, in the minority of cases. Now we have heard this additional con- 
tribution bj’ Dr. Smith, who has shown that dogs arc not susceptible to this kitul 
of infection ; therefore, the failures seen in the dog. I certainly am one of those 
who firmly believe that the majority of lung abscesses following pneumonia and 
influenza are due to aspiration, and aspiration not ojily from the bronchial tree 
into the finest ramifications and into the lung parenchyma, but also from the 
pharynx subsequent to vomiting during general anesthesia. On account of lack 
of time, Dr. Smith did not discuss at length the treatment for tlio foul odor of the 
sputum in bronchiectasis and in many cases of lung abscess. La'-t summer I fir.'-t 
heard of Dr, Smith's c.xperiments from one of the representatives of the health 
commissioner of the State of New York in our district. Having followed thi'. 
aspect for many y’cars, I wrote to Dr. Smith immediately as to what he had .‘evn 
in these cases. His answer came, and later he read a paper at the .annual 
meeting of the State Medical Society in Xcw York. As usual, on account of 
lack of time, his paper could not be dicussed. But here in our as.'-xciation we have 
that time. It was a most interesting ob.scrvation that these partially anaeroltic 
.spirochetes and vibrios, which make these patients absolute outcasts, can be con- 
trolled even without operation by the administration <if neoarsphenamine. Until 
this discovery was made only free incision and thorougli ventilation of the bron- 
chial tree could accomplish it. Of course, ar.senic will not be efTective in every 
case. I-ast fall a bronchictatic patient received intrabronchial treatment from Dr. 
Kernan. ami in addition Dr. Smith's treatment; the odor di'npjieared cornpb'.elj. 
Later, the patient left the hospital tor a few week', and when he returned there 
was a slight recurrence of the fotil odor. \*arinus rea'i>ns pn'Ve.nted gi\::ie the 


treatment again. .After all I h;ivc he.anl and what I kt: >w abiu* 
e.xperiencc. 1 consider it import. ant to know that the spipThetc' whic’n 
smell are amenable to treatment .with ar.'-phenamine. 


Dr. .‘'ttiith'' 
pri ‘'litre thi' 


Dn. I*. T. Loun. Boston: Regarding the relation of 
aspiration, it must be a qne.'tion whether the ji.p-'ence oj 
sputum helps much in settling that jarticular que-::' n, 
spirochetes and bacilli are simply p.-(rt of the il 'ra of 


ab're-'< to citb'li'rn or 
th;^ ^^‘r; of tb-rti i“. tiie 
1: i:'.:-.y ! e tiist ti.'-e 
th.r I'Wtr ;.;ir:‘ r.f th.e 
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gas "through the lung." She said that about a year before when given an enema 
by her' mother the fluid almost strangled her immediately on its being injected into 
the bowel. 

With this additiohal history, the presence of a communication between the 
intestinal tract and -the lung was suspected, and fluoroscopic examination, using 
a- barium enema, was attempted. 

Fluoroscopic Examination . — The barium enema passed easily to fill the entire 
large bowel. Shortly after the bowel was well filled, a narrow tortuous tract was 
seen to lead otf from the region of the splenic flexure, upward and inward, to 
’the- aiigle formed by the diaphragm and the spine. Just as the -barium reached 
this angle the patient had a violent spell of coughing and began to raise the 



Fig. 3 (case 6). — ^Rapid development of an extensive empyema through a 
gross defect in the diaphragm. 


barium suspension. She sat up abruptly, and whenever an attempt was made to 
have her recline, another violent paroxysm was brought on. It was impossible 
to get roentgenographic evidence of this tract. Roentgenograms of the chest 
(fig. 3) showed the iodized oil still present in the lung Avith a discrete accumulation 
between the ninth and tenth ribs close to the spine, suggestive of the sinus tract, 
which Avas demonstrated from beloAV by barium enema. 

Second Operation and Course. — A. second operation Avas performed, July 20, 
under ethylene anesthesia. With the patient lying on the right side, a long 
incision Avas made through Avhich all of the tenth rib and seA'eral inches of t e 
ninth AA'cre resected. The peritoneum AA’as opened for exploration. There Avere 
remarkably few adhesions in the left upper quadrant. The transverse an 
descending portions of the colon AA’cre mobile. Just distal to the splenic flexure 
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in Munich, who advocates the use of arsphenamine, I began using: it in all 
abscess cases. Arsphenamine seems to clear up sop': of them partially, but not 
entirely, so that in some of these cases it has bee neccsssarj" to operate later. 
Interested by these articles, I have made sn '^rs*'. uj tried to find what ki::d 
of spirochetes there were in the sputum. 1 IfaVe found spirochetes, just as 
Dr. Smith did, but I did not know what kind they were ; I' knew only that ti:cy 
were not sj'philific ones, because none of the patients bore evidence of syphilis. 

Dr. Howard Liliexthai., New York: Tlie matter of bacteriolog>' in 
Dr. Smith’s experiments is not as important as the fact that he has shown that 
reproducing the conditions of operations on humaii' beings may produce lunR 
abscesses in animals. ' 

Dr. Nathax W. Greex, New York: In Dr. Smith’s paper I have failed to 
note that he has entirely reproduced the conditions U:at occur in some of our 
operative cases in which postoperative pneumonia develops and, perhaps follow- 
ing it, a lung abscess. That is, I did not hear him say that Ijc had made any 
abdominal incision in any of these cases in consequence of which the coughing 
reflex would become somewhat inhibited due to the discomfort. He spoke of 
one clear case in which the guinea-pig coughed out the material through his 
nose. This was striking, but I should like to ask him whether he has simulated 
the conditions in abdominal operations when in addition to the anesthesia 
and the aspiration of material the coughing reflex has been impaired due to the 
laparotomJ^ 


Dr. David T. Smith, Ray Brook, N. Y.: I will answer the last question first. 
I did not open the abdomen of any of the guinea-pigs because I did not want to 
introduce any more complicating factors than nccessarj'. In regard to Dr. 
Meyer’s remark about the odor : Noguchi found that pure cultures of Trcpoticma 
microdenttan gave off a foul odor. I have not been able to isolate fitirc ailturc.s 
as yet, but mixed cultures of spirochetes, fusiform bacilli and anaerobic cocci 
give a foul odor when grown in pleural fluid, and this odor is identical with 
that in lung abscess. Dr. Lord asked whether these organisms were merely 
sccondarj' to any chronic pulmonaiy infection. I investigated 150 cases of 
uncomplicated pulnionarj' tuberculosis, and although there was secondary 
infection with streptococci, pneumococci and influenza bacilli, the anacro!>ic 
group of organisms was not present. Of about 300 patients we have studied 
in the New York State Hospital for Incipient Tuberculosis, only three li.ad iKUh 
spirochetes and tubercle bacilli in the sputum. In a study that is being carried 
on now it is hoped to isolate each and every one of the organisms present around 
the teeth and then inject them into animals one by one until the combination 
necessary for the production of this disease is found. I know of Dr. Lord’s 
work on the winter incidence of abscess. If is timloiibtetlly an important con- 
tribution. But it occurs to me that increased sneezing and secretion .'o-o,. 
ciated with these infections may tend to c.itise more piople to aspirate 
anaerobic organisms in winter. In regard to Dr. Lambert's qin stion, when I 
introduce this materi.al into the lungs of an animal and an animal dit- in from 
twenty-four to nincty-si.x hours, I never see absces'e^; I '■ee jinennu nia, I 


have not seen an abscess nianife.'t it^clt before tieht da: 
duction of this material into the lung, and generally it i.- 
before definite abscess occurs. I cannot .«ay that it is jir.ivtd 
that abscess goes through this pneumonic staee l-n re 


e- after the ir.trn- 
tsn or twelve da;. > 
. but it is indicated 
hrtri’>;i;:e t’ov.;:. 
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shadow was displaced somewhat to- the left. Lung mapping was done by Dr. L. 
W: Dean, which demonstrated an accumulation of iodized oil, 40 per cent, in a 
large 'Cavity, at the end -of the. fight terminal bronchus. • The diagnosis was lung 
abscess with pleural effusion or empyema with bronchial communication. 

■'Operdtidh 'and Course.— A.n operation was performed, March 25, 1926, under 
ethylene -anesthesia.- Resection of 3 inches (7.6 cm.) of the right ninth rib 
postefiqfiy was performed. The pleural cavity contained' a large amount of clear 



Fig. 4 (case 7). — Appearance twenty days after an acute perforation of a 
peptic ulcer. There is gas under the left side of the diaphragm and slight 
haziness above on the right. 


serous fluid and air. The lung was partially collapsed. The base of the lower 
lobe w-as tightly fixed to the diaphragm in the region of the maximum elevation 
of the diaphragm. The remainder of the lobe was collapsed away from the chest 
wall. Palpation of the lobe was not satisfactory because of the small incision, 
but with the finger-tips the impression was gained that it was abnormally firm- 
The incision was securelj' closed in layers to make an air-tight repair. The 
postoperative course was uneventful. 




A »!rjr'(! }!3 5!;t \v;i' «if :u liberation or 

jj) 5o3J! f Nthsilins; thr whose iliaplira.um was 

jisei’sro at the t!J3!e ot oj*e!atifn for rnsjiveina. In three of ihesir, tiu* 
'ii'ii!' w.o jir.-it the Jati-jaJ marj'iij «.i the liiapljrat'in clove to tin* junction 
the hitii 1’ aijil the chevi Wall, aJiil itj e:ich the cletcct wonhl 
.’iihnii the ti)» of the inile,\ rnitjer. In the fourth case, the o]u*ninj| throti<;h 
the »]::jj )jra;Mn wa^ at the junction, on the left, hetweett the (liaphraijin 
:i!:ii it* veiiehral attachnienl. In two more cai^es, there was (Icfinite 
ch’jn’cal < vi<hnce of .a f,>rovv coumninication between the infraphrcnic ami 
the vtjjiiaphieihc infection. In only three of the ten cases', therefore, the 
infection jtiay have ir.iveled entirely hy way of the lymphatics without 
pro- V- j>erforalion of the diaphrajiin. 



2S0 


,:hives of surgery 

Second. Opcratiov Course . — A second operation was performed, March 30, 

1926, under liitrcus oxide anesthesia. An incision in the sixth interspace anteriorly 
openr into an aoscess lying below the diaphragm containing more than a quart 
(946' cc.) of foul smelling pus, gas .md clumps of spongy grayish black tissue, 
suggesting gangrenous lung. A defect in the diaphragm could not be felt through 



Fig. 6. — Roentgenogram that led to the erroneous diagnosis of a subphrenic 
infection secondary to a pulmonary infection. This proved to be an empyema. 
The dark shadow is solid lung with bronchiectasis. A bronchiectatic cavity had 
perforated on the diaphragmatic side of the lung, with the resultant unusua 
empyema. The diaphragm was displaced markedly downward but was intact. 

the small incision. Below, the liver was adherent to the costal margin, thus 
walling off the cavity from the general cavity. An additional incision was made 
inferiorly to obtain dependent drainage. 
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' Operation' ai't’d' C'ovrse . — ^An opfei'ation was performed, April 16, 1925, under 
ethylene anesthesia,'' The sinus, ojie'nings converged to an extensive involvement of 
thei chest wall from' 'the ninth to the eleventh ribs, inclusive. These ribs as 
weir 'ds the muscles between them; were infiltrated with a thick caseous pus. In 
the upper portion of the" wound "thete was a chronic empyema cavity the size of a- 
hen’s egg,' well defined' and^ containing no bronchial opening. The involved ribs 
were' resected and the wound' packed with iodoform gauze. 

The patient’s condition wis fairly satisfactory until the fourteenth day, when 
the patient-' contracted pharyngeal diphtheria and was transferred to the isolation 
hospital. • Here, massive doses of antidiphtheric serum were given. The wound 
of the chest iwall became covered with a thin grayish membrane, from specimens 
of which cultures of a diphtheric bacillus -were grown. The patient died on the 
eighteenth day after operation. 

' Necrops'y.-^hh disclosed an old infectious process between the right lobe 
of the livei' arid’ the diaphragm, consisting of fibrous tissue permeated with small 
abscesses. The omentum was adherent to the liver and gallbladder, and in it 
Avere numerous small abscesses. The appendix appeared normal. This extensive 
area' lay. immediatel 3 ' below the involvement of the chest wall. Both lungs were 
adherent at their bases. The bronchi were dilated and contained pus. 

■••‘f 

rf-' This patient probably had an initial acute appendicitis with subphrenic 
infection. The latter extended through the diaphragm to produce an 
empyema and later through the chest wall to involve the ribs and soft 
tissues. The empyema subsequently emptied into a bronchus with partial 
relief, and operative drainage of the empyema and chest wall further 
localized the process in the pleura. The observation of an uninvolved 
appendix at necropsy is not incompatible with this explanation of the 
pathologic course, since a year had elapsed following the acute onset. 

Case 4. — History . — ^A woman, aged 24, entered the University Hospital, May 21, 
1924, stating that eight Aveeks before she had developed malaise, aching and 
diarrhea. She also had had a chill and had been in bed ever since with a high 
temperature and great prostration. For the last two days she had had a little 
cough. At this time she had been told by a physician that the right lung Avas 
solid. She had lost a great deal of weight. 

The social and family histories were negative. She had never had any res- 
piratory trouble until the present illness. The appendix had been removed m 
1922. There had been no history of any complication following this. 

E.vamination . — ^The patient was slight. The general examination was negative, 
but there was marked fulness in the lower portion of the right side of the chest 
anteriorly. Expansion was poor on both sides. The percussion note was greatl} 
impaired from the third rib downAvard on the right. The breath sounds Avere 
suppressed. The h'eart Avas displaced to the left. There AA'as a aa'cII healed 
McBurne 3 ’'’s scar. There Avas eA-ident fulness just under the right costal margin, 
and this AA'as somcAvhat tender. There AA'as a marked tenderness in the angle 
betAveen the tAvelfth rib and the spine posteriorl3\ 

The hemoglobin content AA'as 60 per cent. The red cells totaled 3,500,000, and 
the AA'hite cells 9,800. The urine AA'as normal except for albumin 2. A roent- 
genogram shoAved a diffuse shadoAv on the right side of the chest from the fihh 
rib posterior] 3 ' to the diaphragm. The diagnosis AA'as emp 3 'ema and subdiaphrag- 
matic abscess. 
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Five 'months :'..:fofe'.the onset of this illness, he had had a severe attack' 
of pain in the epigastrium for a few hours, which had subsided completely. He 
bad always complained of a good deal of belching of gas and had to be careful 
of his diet '.^ecapse of. distress associated with the taking of food. 

• Examination. — Tho patient had' considerable tenderness in the epigastrium 
ard under the right costal margin, and both rectus muscles were held fairly 
rigid. • f here was free fluid demonstrable in the general peritoneal cavity. Tender- 
ness in the flank' just below the twelfth rib was definite but not marked, and 
continued forward to merge with the anterior tenderness. There was dulness over 
the lower iwo-thirds ' on the right side of the chest behind and in the axilla. 
C . er this area the. breath sounds were greatly diminished. The heart was dis- 
placed to the left. The roentgenogram of the chest showed a diffuse shadow 
on the right, merging with the diaphragm. The heart was displaced to the left. 
The diagnosis was perforated peptic ulcer, with subphrenic abscess and empyema. 

Operation and Coarse. — ^The .patient was operated on, Jan. 11, 1926, under 
procaine hydrochloride anesthesia. Aspiration in the posterior-axillary line in 
the seventh interspace revealed a bile stained fluid containing pus. Rib resection 
at this level opened into an empyema. About a gallon of fluid escaped. This 
was heavily bile stained at first ; later it became a muddy orange red and contained 
heavy clumps of fibrin. It had the odor of vomitus. The cavity was drained 
with large tubes. A pure culture of Bacillus coli was grown from the pus. 
Drainage was profuse for the first few hours, following which it became scant. 
T1 .re was a decided improvement in the patient’s general condition, and the 
tenderness and rigidity in the abdomen cleared up rapidly. 'When seen five weeks 
after the operation, there was a small sinus persisting in the wound. On physical 
examination, it seemed that the lung had expanded to fill the pleural cavity and 
the breath sounds came through clearly. Tenderness was practically gone, 
although it was present to a slight degree on palpation along the costal margin 
just to the right of the midline. The patient has since apparently completely 
recovered. 

In this case .there -was acute perforation of a peptic ulcer with devel- 
opment of a subphrenic abscess. This perforated grossly through the 
diaphragm to form an empyema. Drainage of the latter established 
sufficient drainage of the subphrenic infection to determine a cure.' 

Case 6. — History. — A man, aged 26, entered the University Hospital, July 29, 
1926, stating that in February he had been suddenly seized with a severe abdominal 
pain that made him walk the floor. He had been ill for six weeks following this 
with high fever and marked constipation. Shortly after recovery from this, he 
had developed pain in the right lower quadrant of the abdomen, and had bad 
his appendix removed. He had been' fairly well for a month, when pain had 
recurred in the inguinal region and in the region of the appendectomy scar, and 
later in the back above the iliac crest. This had been aggravated by extending 
the leg. He had had irregular fever since the onset and had lost 50 pounds 
(22.7 Kg.) in weight and much strength. About three weeks before admission 
he had developed a cough which was not productive. 

The patient had had influenza in 1919. His appetite had been irregular for 
years, and certain foods, such as cabbage, caused severe epigastric pain. Last 
summer he had had a diarrhea with stools daily for some time, but with recover}'. 
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present. The right side of the diaphragm was normal. Tiie greater portion of 
the iodized oil was in the left lung. The diaphragm movement on this side was 
limited, especially near its center. The iodized oil was distributed in the left 
base in a manner that suggested some defect in this area. It looked as though 
some of the iodized oil had trickled downward in the region of the left upper 
quadrant of the abdomen, suggesting the possibility, of some communication 
through this side of the diaphragm. A mouthful or two of barium mi.vture was 
given to outline temporarily the cardiac end of the stomach and to assist in the. 
localization in the left side of the diaphragm. The roentgenograms confirmed the 
fluoroscopic observations. The distribution of the iodized oil in the base of the left 
lung suggested the possibility of a defect in this area somewhat toward the median 



Fig. 2 (case 2). — ^Appearance four months after drainage of the subphrenic 
abscess. A mass of iodized oil remains above the diaphragm. The cough and 
sputum were completely relieved. 

line, beneath which there was an irregular area of diminished density, probably 
below the diaphragm, suggesting strongly a communication between the base of 
the left lung and the subdiaphragmatic area. 

The patient gradually improved in a general way and was .sent home with the 
cavity draining. She returned to the hospital because of the sudden development 
of a high fever and chill. 

She stated that one noon she had had a lunch consisting of red raspberrie.-. 
The following afternoon she had suddenly had a coughing si>ell and had coughed 
up considerable sputum which contained unmistakable raspberry seeds. On 
further questioning, she said that during the last year on several occasiuits she 
had coughed up material which she had taken to l>e shreds of oatmeal and pic-ces 
of vegetable. She al.so stated that many times she had belched up a foul smelling 
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the empyema and- the lumbar abscess by the fluid injected. The empyema cavity 
had decreased in size markedly -and the temperature had fallen to normal. The 
patient was still under observation. 

This patient probably had had an acute perforation of a peptic ulcer, 
or- possibly an acute suppurative appendicitis. Subsequently, a sub- 
phrenic abscess had developed, a portion of which gravitated into the 
flank and became-, independent of a portion between the liver and the 
diaphragm. .The former was drained by operation. The latter ruptured 
through the diaphragm to produce an empyema. Drainage of the 
empyema has seemingly determined a cure of the subphrenic abscess. 

. • • • -.'O'i. 

Case 7. — History. — A man, aged 53, entered the University Hospital, Oct. 2, 
1924, stating ;that on Sept. 16, twenty minutes after taking a dose of Bromo- 
Seltzer ior headache, he had been seized sudden!}' with a terrific pain in the upper 
part of. -the; abdomen. He had lain down on the floor and rolled in agony, and 
had vomited .-.many times. Large doses of morphine had been given. The 
abdomen had become rigid and tender and, later, greatly distended. Two day's 
later,- he; -had begun to have diarrhea, with a stool nearly ever hour. After three 
daj's of, this, he had passed a large quantity of grayish, thin pea-soup-Iike material 
b}' -bowel, following which the diarrhea had subsided. He had had slight fever. 
Tenderness in the upper part of the abdomen had decreased considerably, but 
distention had persisted. The patient had bilious spells when he ate starchy food, 
aud>.he belched considerably. 

. E.vammafion . — The pulse was 104; the temperature, 100, and respiration, 28. 
There was some limitation of motion of the right side of the chest. There was 
an area of dulness over the base on the right, where fine crepitant rales were 
heard. The left side was normal. The abdomen was somewhat distended and 
was tympanitic throughout. Tenderness was present on deep pressure under the 
right costal margin and in the epigastrium. Liver dulness was diminished. 

An Ewald test meal was given and 60 cc. of fluid removed in forty-five 
minutes. Free acid was 9; total acid, 40. No blood was noted. The red cells 
totaled 4,000,000; the hemoglobin content 84 per cent, and leukocytes, 9,600. 
Urinalysis was negative. 

Roentgenographic examination of the chest (fig. 10) disclosed slight cloudiness 
on the right side and fixation of the diaphragm. On the left there was a zone 
of gas between the diaphragm and the stomach. The diagnosis was perforated 
peptic ulcer, with subdiaphragmatic abscess. 

Operation and Course . — ^An operation was performed, Oct. 21, 1924, by Dr. C. 
J. Rowan under ethylene anesthesia. A segment of the tenth rib was resected m 
the midaxillary line. Through this an abscess lying between the liver and the 
diaphragm was opened. About a pint (473 cc.) of thick, odorless pus escaped, 
but no gas. The cavitj' seemed to extend well to the left. Tube drainage was 
instituted. 

The patient obtained great relief from the subjective sj'mptoms, but continued 
to have a low grade febrile reaction. The abscess drained moderately a chocolate 
colored pus, which on one occasion was distinctly bile stained. Dulness increased 
over the back and in the axilla of the right side of the chest. A roentgenogram of 
the chest (fig. 11) on the twenty- fourth day after operation showed a slight 
mottled shadow above the diaphragm on the right. On the sixty-eighth day, he 
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was a sinus tract which passed from the posterior aspect of the bowel upward 
and mesially. It seemed to pass behind the peritoneum along the posterior margin 
of the spleen. Posteriorly, in the angle close to the spine the tract was again 
found. Here it passed through the diaphragm and entered adherent lung. Tl;e 
pleural cavit}' was obliterated. The tract was cut across atid found to open into 
a lung abscess which would hold about 1 ounce (30 cc.). Into this cavity three 
distinct bronchi opened,. A probe was passed into one of these and could be 
passed upward for several inches. 

The peritoneum was closed without drainage. The long incision was closed 
in layers providing tube drainage to the lung cavity and region of the divided 
fistula. 

The patient has had a rather sustained febrile course. The cough has been 
definitely less. Evidence of patencj' of the fecal fistula has persisted. I'ccal 
material is occasionally found in the dressings of the posterior wound,.-* Drainage 
from the lung abscess is moderate but the bronchial fistula persists. The i)aticnt 
is improving generally, and the temperature is gradually approaching- normal. 
She is still in the hospital. ■ 

An acute suppurative appendicitis with diffuse peritonitis '\vas fol- 
lowed by a subphrenic abscess on the left side. This ultiniately drained 
spontaneous!)'’ by two routes; into the large bowel and through the 
diaphragm into a bronchus, with a resulting broncho-intestinal fistula. 
The large subphrenic abscess present on admission to this hospital .seemed 
to be entirely independent of the communication between the bowel and 
the lung. At no time did irrigation of it induce coughing. 

Case 2. — History . — A man, aged 44, entered the University Hospital, March 
24, 1926, stating that in June, 1925, he began to lose weight and strength and 
have fever and sweats. He developed a slight cough. After a month he suddenly 
coughed up a large amount of foul sputum, and following this the cough had been 
more or less constantly productive of a foul tasting and smelling sputum. .Serous 
fluid was found in the right pleural cavity and withdrawn by a needle. A tliagnosis 
of pulmonary tuberculosis was made, and he was sent to the State Tuberculosis 
Sanitarium. Here, more than- forty sputum e.xaminations were negative for 
tubercle bacilli, and he was transferred to the University Ho.spital to the otolaryn- 
gologic service for lung mapping. 

The past medical history was negative except for appendectomy in 192.3. The 
patient left the hospital in three weeks apparently well. 

Examinaiion . — The patient was greatly emaciated, and had frcf|uent coughing 
spells, producing a yellow-green, foul smelling, purulent sputum. There were signs 
of fluid below the level of the angle of the scapula on the right side. The heart 
was displaced somewhat to the left. 

There was slight rigidity .along the costal margin on both sides of the 
abdomen, especially on the right. There was slight tenderness on firm pafp.atuci 
under the right costal margin. 

The temperature ranged around nornual. with an occasional sharp rise. The 
leukocyte count was S.900. The sputum was foul smelling and thick ; tlicre were 
no elastic fibers. 

A roentgenogram of the chest (fig. 41 showed a dense shadow on the right 
from the midscapula to the diaphragm. The latter was ob-cured. The heart 
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Becaiase of the patient’b' poor condition and the length of time that had 
elapsed since-.the symptoms of perforation, it was felt that treatment should be 
expectant. .With, supportive' treatment, improvement took place until the patient 
was taking liquids*- readily by mouth. The stools were liquid black. The pain 
subsided almost completely and thd- tenderness became less marked. The epigas- 
trirm began to show a definite fulness. The temperature reached normal on the 
fifth day and then began to climb steadily. On the twelfth da}"-, respirations 
suddenly jumped to ^40,, and the signs of fluid were found in the left pleural 
cavity for the first time. , This was corroborated by roentgen-ray examination. 

Operation and Course:— An operation was performed. May 18, 1926, under 
nitrous oxide. ' Aspiration in the eighth interspace posteriorly found a thin sero- 
sanguineous fluid with no fibrin flakes in it. The puncture wound was sealed. 
Incision was made in the seventh interspace anteriorly .at the costal margin. At 
the upper angle, in cutting through the diaphragm a small opening was made 
in the pleura. This was repaired by suture. The incision was carried forward 
and the cartilage of the seventh rib removed. Aspiration at this point revealed 
foul, dirty white, thin pus. An opening was made along the needle into a large 
cavit 3 ’' containing pus and gas. The borders of it could not be reached by the 
finger. Shortly after the abscess was opened, it was noted that fluid was escaping 
from. the sutured rent in the pleura, so the latter also was drained. 

The patient’s condition was unsatisfactory. Pneumothorax developed with 
respiratory embarrassment, and she died on the fifth day after operation. 

■Necropsy . — Postmortem examination disclosed a large subphrenic cavity lying 
between the anterior \vall of the stomach, the undersurface of the liver and the 
diaphragm. This was secondary to a perforation through a benign ulcer situated 
on the anterior surface of the* stomach near the lesser curvature. The left pleural 
cavity contained considerable thin, cloudy, blood stained fluid and air. The 
lung was collapsed. There was no communication between the subphrenic abscess 
and the pleural cavity. 

An acute perforation of a gastric ulcer -was followed by a subphrenic 
abscess. During the progress of this, the chest was examined carefully 
each day, and there was no evidence 'of fluid in the pleural cavity until 
the twelfth day, when there was a sudden and marked accumulation. 
This was not grossly infected at the time of operation, but became so 
subsequently owing to the opening of the pleura at operation. 

Case 9. — History . — A man, aged 67, entered the University Hospital, Jan. 30, 
1923, stating that about ten months before he had begun to have .pain in the 
lumbar region on the left and frequency of urination. He had lost 40 pounds (18- 
Kg.) in weight over a period of several weeks and had begun to have a frequent, 
hard, nonproductive cough. He had been sent to Colorado for tuberculosis but 
had been refused admission to a sanatorium. The prostate had then been remote 
The pain in the left side of the back had persisted, and he had had a febrile course 
since the onset. 

E.ramination . — The patient was greatl 3 ' emaciated. There were signs of fluid 
in the left side of the chest below the angle of the scapula. The heart apparent!} 
was not displaced. There was slight tenderness below the twelfth rib on the le t. 
The leukoC 3 'te count was 31,200. The urinah'sis was: specific gravit}', 1.00 j» 
albumin -r ; man}* pus cells and a few granular casts. 
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Further roentgenographic studj' in the light of ‘the observations made at 
operation gave a clue to the real condition. What had been interpreted to be the 
upper level of an empyema cavity or indurated.'lung area was found to be the 
diaphragm (fig. 5). 

A roentgenogram was made, using the portable unit, with the., patient in th.e 
sitting position. This demonstrated the prescnr.e of a cavity below, (the diapliragm 
with a well defined fluid level and containing air, a pyopneumothorax subphrcnica 
(fig. 6). Above this was a dense shadow in the lower lobe in the area that had 
been found so tightly adherent to the diaphragin at .the f'me .of operat’on. 



Fig, 5 (case 7). — ^.Appearance eight month.s after the development of trans- 
phrenic infection. This proved to be a well localized empyema. 


The patient was now more closely questioned regarding his operation for 
appendicitis, and he gave the following additional data: The appendix had been 
gangrenous and perforated when removed, but the incision had been clo«e<l without 
drainage. few days after returning home, he had had some pahi along the right 
costal margin and had been forced to go to lied. The foot of the bed had been 
kept elevated for two weeks. He had been ijj bed for two months and hn<l isad 
fever during this period, but he had finally recovered, and after .-everal months 
had been able to go hack to work. He had hmi in go«;d conditiiu! until the onset 
of the present trouble, an interval of more than a ye.ar. 

The last diagjiosis was lung abscess and subphrenic ab'Cc>'. 
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marked tenderness, and this continued forward along the costal margin to the 
ensiform. The leukocyte count was 16,200. The diagnosis was subphrenic abscess. 

y Second Operation and Course . — A second operation was performed. May 18, 
1919, under nitrous oxide anesthesia. An incision made in the sixth interspace 
anteriorly opened into a large subphrenic abscess lying between the diaphragm 
and the liver. It was well localized. A pure culture of pneumococcus was grown 
from the pus. 

The patient made an uneventful recovery. 

Infection from the empyema traveled through the injured diaphragm 
to produce a suKphrenic abscess. This is the only case in this series in 
which infection extended from above the diaphragm to below the 
diaphragm. 

SUMMARY 

The diaphragm is an efficient barrier to the extension of infection 
from pleura to peritoneum. 

Because of the tymphatic drainage, extension of infection from a 
subphrenic abscess to pleura or lung occurs commonly. 

A gross break in the diaphragm takes place in the majority of cases 
with a direct connection between an infraphrenic and a supraphrenic 
involvement. 

Drainage of either the infraphrenic or the supraphrenic infection will 
lead to a cure of both in some cases. Drainage of each area of involve- 
ment will be necessary in most cases. 

ABSTRACT OF DISCUSSION 

Dr. Edward Archibald, Montreal: I looked into the matter of transphrenic 
infection from above downward many years ago — it must now be nearly twentj" 
y’^ears ago. I reviewed the literature and found that out of some SOO cases of 
subphrenic abscess only seventeen were reported as extending from above down- 
ward; the balance were from below upward. The perforation of the diaphragm 
from above downward apparently is difficult. 
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Recovery was uneventful with almost immediate relief »ron fever, cou.di rsnd 
sputum. Drainage from the cavitj' gradually decreased. Four months after 
operation, a draining cavity persisted below the diaphragm but there was infy 
slight discharge. Irrigation with surgical solution of chlorimted soda (D.ikinV 
solution) did not induce coughing. The patient had gained many pounds in 
weight and was able to do his daily work. The cough was completely relieved. 
Roentgen-ray examination (fig. 7) four months after operation seemed to show 
a cavity in the lower lobe still containing considerable iodized oil. 

A subphrenic ab.sces.s developed as a late compHcatron followintr the 
removal of a gangrenous appendix. This became latent after a periof’ 
of several months’ activity, and after a year of quie.'^ccnce. beenn e active 
and extended through the diaphragm to form a lung abscess aiul rupture 
into a bronchus. 

In this case an incomplete initial hi.story ol)scured the diagno.-^is. 


Case 3, — History. — A man, aged 48, entered the University Hospital, .^pro 1.5, 
1925, stating that in May, 1924, he had suddenly developed a sharp pain in the 
right lower quadrant of the abdomen, with some fever and nausea. diagnosis of 
appendicitis had been made, but the operation had been deferred. .After an 
illness of three weeks, operation had been advised, but the patient hail dcveloiied 
what was thought to be pneumonia, and for the next four weeks he had had an 
afternoon temperature of 103. He had had no cough or pain in the chest. Three 
days after returning home, he had developed a severe paroxysm of coughing one 
night and had raised more than a quart (940 cc.) of foul smelling pus. I'ollowing 
this, he had begun to improve. Two months later, an abscess had flevcloi>ed in 
the chest wall at the base of the right axilla, which had been drained by rib 
resection, A month later a cellulitis had developed in this area and another rib 
resection had been performed. These wounds had never healed completely, and 
discharged a thin seropurulent exudate. A few weeks later he had developed 
pleurisy on the left side, which had lasted for a few days. He had lost a great 
deal of weight and strength and had had a febrile course since the onset. 

The past medical history was essentially negative. lie .said that he had had no 
symptoms suggesting peptic ulcer. He had had double pneumonia at 19, with 
complete recovery. 


Exaiiiiiiatioit. — The patient was emaciated and weak. There was con^iderabie 
retraction of the right side of the chest. .-\t the base of the riidit axilla and 
posteriorly were several operative scars with two draining ‘iuu'e'. On thi^ side 
there was flattening of the percussion note from the eighth rib <!<iv.n. in tin- 
axilla and posteriorly, with absence of bre.itli soumb. Then was sorue impair- 
ment to percussion on the left side in the axilla. 

The right rectus muscle was rigid, and tenderne-.'- wa« dinu-ely pn-M-nt in tin- 
right upper quadrant <»f the abdomen and in the loin. 

The hemoglobin content was 75 per cent; the retl celb tot.-ibd the 

leukocjtcs, 8,200. Urinalyvis was negative. 

Roentgenographic study of the clu'-t showtd roru;>Ii:e limiir.tion of exenr-kT; 
of the diaphragm on the right and a <len*^e ibadov,- from t;;e rib :<■, •},• 

dnaphragm. The left 'ide of the diafthraem h.ad frte excur-i 'I i;.- dx.vr.ojis 
was chronic empyema. 
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Withiij the first week or ten days the head of the embryo grows 
forward, and- the foregut is formed from a portion of the yolk sac, which 
is dravn up cephalad with this forward growth ; a portion of the coelom 
on eaclf side, accompanies this development. 

The heart is developed ventrad to this portion of the foregiit and 
bepomes surrounded by the adjacent portion of the coelom as the 
pericardium,. 

• The primitiy.&^trachea appears ventrad as a bud on the anterior 
surface of the Toregut- posterior or dorsad to the heart and grows down- 
ward or caudaci . into the axial mass of mesenchyme. Its lower end 
becomes surrounded by the adjacent portion of the coelom as the peri- 
cardiiim to form the, primitive lung buds. These buds grow out laterally 
on both sides toward each coelomic cavity and eventually project into 
these cavities, pushing ahead of them a portion of the splanchnopleure, 
which thus covers them and which becomes the adult visceral pleura and 
subpleural areolar tissue. Thus it is seen that the areolar tissue of the 
subvisceral space is continuous with that of the primitive axial mass of 
mesenchyme. The adult parietal pleura is developed from the mesen- 
chyme of the somatopleure as is also the extrapleural connective tissue, 
and their intimate connection with the axial mass of mesenchyme is 
obvious. 

The well-known continuity of the connective tissue of the various 
fascial spaces of the neck with that of the mediastinum, as pointed out 
by Lerche and others, is readily accounted for by the intimate connection 
between the mesenchymal mass in which the primitive vessels of the 
neck develop and that situated mesially between the two coelomic cavities 
on each side. 

The connection between the mediastinal and the retroperitoneal 
areolar tissues would be anticipated because in the embryo the original 
axial mass of mesenchyme is the forerunner of both the mediastinum 
and the mesentery. 

A direct and intimate communication thus exists between the con- 
nective tissue of the mediastinum proper and that between the broa 
ligaments of the lung, that of the subvisceral pleural space, that about 
the larger branches of the bronchial tree, that of the extraparietal pleura 
space, that of the fascial planes of the neck and that in the retropen 
loneal space, arising as they' all do from the original mesenchymal mass 
in the embryo. 


ANATOMY 

In the adult, it is difficult to demonstrate the minutiae of this region^ 
and on this account these relations often are not appreciated. The usua 
description of the mediastinum found in te.xtbooks of anatomy may 
well adapted to the purpose of enumerating the various structures con 
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Operation. — An operation was performed, May 21, 1924, procaine hydrochloride 
infiltration being used. A subperiosteal resection of the ninth . rib was made, 
opening into an empyema containing a thick, grayish ycllo\S‘ im_s streaked with 
blood. The cavity was flat, and between the . diaphragm and the visceral pleura 
and between the visceral pleura and the parict^ .pleura wert. drawn out adhesions, 
which tended to divide the cavity into various. pockets. Xo gross break in that 
portion of the diaphragm which could be palpated, could be made out. Drainage 
of the cavity was made by tube. The postoperative course was' satisfactory. 

Second Operation and Course. — A second operation was performed. May 27. 
1924, under procaine hydrochloride infiltration. Through tlic seventh intercostal 
space anteriorly a large abscess cavitj' lying between the liver and diaphragm 
was entered. The pus was thick. The diaphragm lay at such a higli level that 
a gross defect in its surface could not be palpated. 

After operation the patient continued to run a fairly high, irregular tempera- 
ture, with a rapid pulse, and she gradually weakened. The si.gns and symptoms of 
pleurisy developed on the left side and, later, a suppurative parotitis. Death 
occurred on the thirty-first day following the drainage of the empyema. 

Xccropsy. — There was a large subdiaphragmatic abscess on the right side 
which passed behind the liver, where it extended through a sinus in the diajiliragm 
to open into the right pleural cavity. It also extended downward behind the 
peritoneum, throwing the ascending colon forward to perforate into the pelvi"- 
below the cecum. Here it was in contact with the cecum, and the latter .was 
perforated in two or three places. In the liver were found several absce.«.‘'es , 
varying in size from a few millimeters to centimeters. The left pleura contained 
2,500 cc. of a serous exudate. Mural thrombi of the inferior vena cava and right 
iliac vein were also present. 

It is impossible to state accurately the origin of this patient's condi- 
tion, but with the history of onset with diarrhea together with the symji- 
toms of a profound infection, the chances are that an abdominal infec- 
tion was the initial trouble. What the relation was between this and 
the operation for appendicitis may be only conjectured. The ijifection 
traveled upward behind the colon to the subphrenic region and subse- 
quently broke through the diaphragm to produce an empyema. 'J hat 
there was an obliterative type of pleuritis preceding the gross infection, 
with the later production of purulent exudate, is strongly suggested by 
the type of empyema found at operation. 

C.^Sl: 5. — History. — .A man, aged 65, seen in consultajinn. J.in. 11. 192'», .>-tatcd 
that about five weeks before he had l>cen suddenly seized with acute p.'iin in 
the upper part of the abdomen associated with severe .shock. The upper jKiri of 
the abdomen had been rigid, especially in the cpi.uastrium, and te:idenie»< had 
been diffuse. The patient had vomited. He had had no fever hut a lenk<>cyt<ois 
of 22,000. .\bout twelve hours after the onset, jaundice had hvcomc manifen. 
This had persisted as a lemon yellow tinge to the sclera and skin. The conditi'-n 
was so desperate th.it operation had been withheld. He had fmally impriwt-d, 
although tenderness and rigidity had persisted in the epiea^trium and ah >::<.• the 
right costal margin. .-Xbont three weeks before he had developed ulim h.ad l<tn 
taken to l>e hypostatic pneumonia. He had bec-'iiu- cyan ‘tic .ind the re-pir.'.ti -J’.s 
rapid. These symptoms had graditally improved. 
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the pcricardiuin; the pleurae on each side. This areolar tissue, also, - 
IS linn and unite, vhc se’rous membranes firmly with each other, except 
along the line of refiecti. i on .the diaphragm. It is here that infection 
extends either forward or backward from the postpericardial portion 
to the prc])ericardial portion, or vice versa. No lymphatic vessels 
appear to j)ass between the prepericardial and postpericardial portions 
which might determine the course that a given focus of infection would 
travel. . 

"I'lic postpericardial and sttprapericardial portions are best con- 
sidered together and constitute, in most persons’ minds, the mediastinum. 
Thev have. important connections and extensions not usually recognized, 
and .tain most of the important structures within the thorax except 
the '.t and lungs. The}' are continuous with one another and are 
sepi' le only by a most artificial and arbitrary line of division which 
has,: ther a clinical nor an anatomic basis, except that of tradition 

intriidu.ycd for the sake of facilitating description. They are bounded 
on each side by the reflections of pleurae extending from the pericardium 
in front to the side of the bodies of the vertebrae behind. Posteriorly, 
they are limited by the anterior common ligament of the spine and the 
'periosteum of the bodies of tlie vertebrae. Below, the space is limited 
/ that portion of the upper surface of the diaphragm which extends 
from the attachment of tlie pericardium on the central tendon to its 
points of origin on the body and transverse processes of the twelfth 
dorsal vertebra. It should be noted that this portion of the inferior 
wall of the space is placed almost perpendicularly, and that it extends 
well down below the dome of the diaphragm and the pericardium. The 
openings for the passage of the esophagus, aorta, thoracic duct, azygos 
veins and splanchnic nerves are situated in this portion of the postperi- 
cardial space. 

Above, the suprapericardial space becomes continuous with the 
fascial planes of the neck without any anatomic guides to distinguish 
the point of transition, which has been arbitrarily designated by a plane 
passing through the upper or inner border of the first rib and the notch 
of the manubrium of the sternum. 

These two spaces, the suprapericardial and postpericardial, however, 
are roughly divided into a right and left portion by the arch of the 
aorta and descending aorta, the great vessels, the trachea and the 
esophagus. 

The arch of the aorta arises from the left ventricle anteriorly behm 
the sternum and to the right of the median line and passes backwar 
and to the left to become the descending thoracic aorta lying on the 
left side of the bodies of the vertebrae. The three large vesse s, 
innominate, left common carotid and left subclavian arteries, arise from 
its upper border from before backward and from right to left; tie 
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the vertebrae; this extends outward along the course of the ribs, the 
adherence being much less along the intercostal muscles. The extension 
of the niflamniatoiy exudat’ '’dong this path results in a massive col- 
lection of fluid whicli' strip' c the pleura and accumulates outside of 
it ; this will give rise to cb • teristic shadows with sharp, well defined 
borders, which materia Uy. ,cen the normal mediastinal shadow. 

The postpericardia portion of the mediastinum communicates with 
the retroperitoneal tissues through the several openings noted above; 
namely, the esophageal, most anteriorly placed immediately behind the 
pericardium ; the aortic between the two crura and -in front of the body 
of the twelfth dorsal vertebra, and the openings for the two splanchnic 
nerves represented by slits in the crus on each side where the fibers are 
separated to allow their passage. It should be noted that all these 
openings form communicating paths between the postpericardial portion 
of the mediastinum and the retroperitoneal tissue. We wish to empha- 
size the fact that this retroperitoneal space is distinct and independent 
of the space contained within the sheath of the psoas muscle. This 
sheath, it is true, extends above the diaphragm and passes through an 
independent opening in it on each side, but there is no pathway of 
communication between the postpericardial portion of the mediastinum 
and the areolar tissue within the psoas sheath. 

EXPERIMENTS 

We have made a number of injections into cadavers in order to demonstrate 
the embryologic relationships, and have employed Gerota’s fluid* for this 
purpose. Gerota’s fluid consists of a mixture of turpentine 3 parts, ether 15 
parts, Prussian blue 2 parts. It has been employed extensively to demonstrate 
the lymphatic vessels, and has several advantages: (1) It does not stain the 
tissues; (2) it offers an excellent and striking contrast readily distinguished, 
and (3) it flows most readily. Our procedure was as follows. 

The spinous processes and the laminae of the first, second and third dorsal 
vertebrae were removed, together with that portion of the spinal cord exposed 
by this procedure. We passed an 18 gage needle from behind forward through 
the second intervertebral disk until its tip had entered the suprapericardial 
portion of the mediastinum, that is, the superior mediastinum, and then injected 
from a syringe or allowed to flow by gravity Gerota’s fluid, the amount of fluid 
being regulated somewhat bj' the size of the cadaver. As we employed only 
infants ranging in age from birth to 2 years, we used from 10 to 40 cc. of fluid. 

The results maj' be summarized as follows : The fluid injected entered the 
mediastinum and completely filled its suprapericardial and postpericardial 
portions. From here it passed laterally between the layers of the broad liga- 
ments and spread out to a variable extent in an irregular manner beneath the 
visceral pleura, especially over those portions of the lower lobe which he m 
the vertebral gutter; it did not penetrate deeply into the pulmonary tissue 
except as it passed along the course of the lower bronchi. A small amount 


3. Gerota: Anat. Anz. 61, 1926. 
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coughed up 6 ounces (178 cc.) of pus resemhling anchovj- ?.iucc. and followirvc 
this the cough persisted in paroxysms. -At this time there was a wcl! markcci area 
of dulness with an abscence of breath sounds over the lower third of the cl;- 't 
posteriorly on the right, and the roentgen-ray examination showed a dense sha'! w 
in this area (fig. 12). 

A diagnosis of lung abscess was made secondary to infection tb.roneii ‘lu- 
diaphragm. The cough became less, although it persisted and iimduced a reddi>i>. 
ropy sputum. 

He was discharged, and at home he gained in weight and strength. Hecanse- 
of the persistence of the cough and sputum and the pln.-icai sign,- in siie che«:. 
he reentered the hospital in December, 1925, for operation. .-Xt thi« time ro :n- 
gcnograpiiic and fluoroscopic study (fig. 13) showed a well limited, dense shadow, 
lying against the posterior wall of the chest. .A diagnosis of emj)ycina v as made 
rather than lung abscess. 

Second Operation and Course . — .A second operation was performed. Dec. 2-. 
1925, under ethylene anesthesia. Resection of a ivartion of the cighlh. ninth .'m'! 
tenth ribs posteriorly opened into a chronic cavity lined by thick pletim .-ni l 
containing several ounces of bloody pus. .A small bronchial opening wa.- pre.-ent 
at the apex of the cavity. 

The patient’s condition was satisfactory until the sixth day. when he develope.1 
a rapidly spreading erysipelas around the wound. This finally began to suloide. 
but on the fourteenth day the signs of an intracranial infection became titanife^t. 
and the patient died from this on the twenty-third day after operation. 

An acute perforation of a peptic ulcer was followed by a stiliphrenic 
abscess. Partial drainage took place into the bowel. Surs>ical drainago 
of the subphrenic abscess seemingly cured this conditiuii. .\t the (itm* 
of operation, there was clinical evidence of pleural reaction, but fluid 
could not be definitely observed. In spite of the saii'-factory cour.-;e of 
the subphrenic infection following drainage, the pleural involveinetit 
progressed to the sudden fonnation of an empyemti which pertonited 
into a bronchus. 


C.\si;8. — History . — .A wom.'in, aged 65, was admitted to the I'niver.'ity Ibi.pii.il, 
May 6, 1926, stating that for two months she had been lo.'ing weiebt tmd ‘•tn neth. 
.and that her appetite had been ixior. Ten days before adiiuVsion she h.->d Mnldmly 
felt we.ak and had vomited a quart (946 cc.) of thin, black materiiil. The ni-.'ht 
before she had had a sudden attack of severe abdominal jeiin. winch -nb-iik-i 
only after a hypodermic injection of mor|>hine. She had i ntered the b. -pital 
twenty-four hours after the onset of the pain. 

The past medical history was negative except for s->me “ea- i-n tl; • ^t• 'nr.ih*’ 
for several years. She had never had pain pri<'r to tin- rtcmt a;t:.>h. 

]i.raniinatiou . — The p.atient was an extremely ill. nn'inic, j'-nl.v j;- 
elderly woman. There was a normal pvrcn>>-i-in note ovtr !fth hmc', i m ;• f. 
crepitant rides were heard over b 'th ba'C'. Tb.c la.irt w;:^ n- im.d :r'. 

position. ,A systolic murmur wa% heard at the ap- x. T!-.v :-.b'l ; 

marked rigidity, and exquisite tendernes- over it- tc.tirc -••.:r::.-.-r v.ith t* cr-.,'- •: 
loc.aHralion slightly to the left of the epiga-triu-u \ t;. h' :. t- v.- ' .r,i 
over the epigastrium, with a decrea*--,- of livir duhi'--- 


The hemoglobin content wa< -■’> per cent. Ti 


^ » f M > ^ 
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line on the liodies of the, vertebrae, except that' if the injection was made too 
rapidly or the amoui‘‘.’<' ' >■, 'id was unduly large the pleura ruptured along this 
line. This might t ‘in ..’ted as an indication that the infiltration by the 
fluid- was 'Slower 'at'V ’ IsT ' , owing to greater adherence. 

The ’fluid' appeared ' , • the skin of the back, with an invasion of the 

areolar 'tissue, havitig f’"' -through the openings for the passage of the 

posterior branches of t ■■ . mte.'costal nerves. Below, it invaded the retro- 
peritoneal a'r'eolar ■ tissii, trough the esophageal opening and through the slits 
in each crus' of the dh' nra'grn for the passage of the great splanchnic nerve. 



Fig. 2. — Cadaver after the injection of an opaque mixture into the 
mediastinum: There is a diffuse shadow from the base of the skull to the 
diaphragm with bilateral widening of the normal mediastinal shadow, especially 
above. On the right side the root shadow is due to the infiltration of the 
subvisceral pleural space through the broad ligament. 

The extent of invasion of this retroperitoneal space varied considerably and 
appeared to be most pronounced when the cadaver was suspended vertically 
during the injection and was maintained in that position for some time after- 
ward. The fluid injected did not pass through the aortic opening in the 
diaphragm. Above, the fluid invaded the neck to a wide extent. Its distribution 
was so general that it was impossible to distinguish whether one fascial com- 
partment was more extensively involved than another. The fluid surrounded 
the vessels, both jugular veins and carotids well up toward the base of the 
skull ; as it also appeared behind the esophagus and pharynx, it must also 


c.'.:ar>,v . ^ /,- 

^“’nfcaj. V Dr " ' ^^^'■''0.. 

''‘'■•■er p,_; ■ ^Watecn l!'*' -IW;. 

:; ;e^ - . 

ss? 

p„, - S“.-Cess. a -'''o. V-, •'”> ;n r. '•"■•: I ;! ‘ ■■ ■ 

^ftere i-a ''*‘*^ •S'/o*/-.',-'*’^ '*'- i«'e7-f ^ : -r 

Co'. '■'■■■ ■■'’ -■• - ■■ ■'■ ■' 

•^'^fjes ron--j * ■^^“fnajcro r.- 

'>•>-. :;,„ . . 

f *' ^titt ^ ^ 'f . . ’■ . 

^ <?r5»V*^ ^c:? i::c 

Tho ;«• . ^ ^ -'iV- rv "•'■• ^V'ti--— 


•"r^. - ^ 

* * rt 


^ ’ -‘J ^ Qrafn.v ^ ^c-v .; i':c;\;, 

Wltizil - . ■ ^’^‘C c. . •* “‘li t. ;.- . ‘ 

P'«Sina„4^ 

■^' ^ an tn,n, ■ /a.v-. . 

^ /)ar7 ^a<i /xr '’■■^■'^•^' ft-V-' T' ■ 

™- ' " /'’.''-■■•••M t-'V ‘■’■i !;-... :.. . . 

'Krc v.o-„ «e 5 u 7 ,. , *t«cnf.r/ tz-i- *' ' •* ••• 

/l/s ., '^f!ns nf (} ," ^^ C.VArj,) • “^‘'' ^ ••’I '••' ' ^ ' i'?. 

" '’ 4 r ^:l «„,,,„ 


n* --.ins o^;“';-' .->'• . ‘“‘•" »■'• '■■. ■■•■■- 

"as iJl’lj" "10 feB-at'S acm,--, '' '" ' ’ 

s//ae„5 .' ^Pssation Q, '/'s>anteer,o;,r.ar^ oV a."' ; - ;.,. .. 

. "/-a,*; ';■ ' ■ 

^'Jroin ?'‘ °’'d Cr> ^-^,1. ‘b^^ci-:j;,cr, • J;-.. f'..a... 

Mrs. ., ’"'-••''/icsn ' , opcr.v-v ' ■■- r 

"Pr 7 j;;,o. . '*■. -''P/r.-sf,Vj„ •’as j-,.._- •' ' ’ "r- 

t;,„ r/.v- ' J'-.-o , 

V '- «as -v; -a ■■• ^ 

"-!'}c::,.-, r, M:r, r.. J/V- • 

'■»-dh-r ! ■ ti:.. '••r.c 

>'C'-j;, , '• /"-vr, -•s:.';ir' . ••-•t.C. 

.7 '*•*’•' 


Tr 

di:.r^C 


\ I •• 


■ ^•^ / - ,r 

7 ' , 


rc 


'i f : 


r.f 


'■'■‘‘i/J • j>tT 

f/.’c !f.-;;r, 

Thi. ;.!:*'■■ ■‘‘'’^■r e 

‘ •“■’•'I t, . . '■'-'; 

^:r:: M ^ 

•*»»] 'I*.-,., . ‘ , , •-«.». 

‘'*jr /’«»v , • s.r:'’-.' 

^ *'•' ^ .- •'“•c:;;*t : ;; 

** • kt ^ /*t • *.* . SI * 

*7 . ';: r » ‘ - r ,? 

* • * ^ V» r.. * * ' (* 


■ 1 ?. 




•’■•r’.';r r.. 


• -r 


•»» 



Fig. 3 (case 1). — Bilateral widening of the mediastinal shadow from the 
hilum to the diaphragm, with irregular outline and extension outward. 



Fig. 4 (case 1). — Marked changing of shadow coincident with recovery of 
patient. 
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The group of ca.se.s consiflered here ha? ?oiuc u«u?ual feature? wliioli 
aroused our intere.st and led us to make (hi? study of the mcfliastinnin. 
Frequently the roentgenograms of patients who enter the clinic pre»eni 
shadows that give ri.cc to various interpretations. In general, thf'c 
roentgenograms show a widening of the normal central or mcdiri'-tinal 
shadow. We realized that mediastinal disease was never diagiif'M'i 
by roentgen-ray observation until this widening hatl made its ajjpearance ; 
in other words, until the disease had extended beyond the limit" of what 
is usually understood as the mediastinum. The problem that has 
interested us most has been to determine whether the sjwead medi- 
astinal disease follows definite anatomic paths, and In endeavor t" 
discover these paths. 


E.\rj!RyOLOGV 

A knowledge of the development of this regioji is important, and 
its embryology explains many of its ix;culiaritics and the close relation- 
ship in the adult between what at first appetir to be widely divergent 
structures. 

In the carlie.st stages of the embryo, the mesoderm develop- ;i- a 
layer or mass of cells between the ectoderm and the cnioderin. atpl 
appearing first beneath the primitive streak, sjircads out a" a thin plat** 
in an ever widening circle. The portion beneath the primitive streak i- 
spoken of as the axial mass of mesenchyme, while the pcripher.il area i" 
spoken of as the paraxial mass. Soon after it." appearano- .a cb-tt 
occurs in the paraxial portion, which separate" the m'‘-»*m'l‘<yme im<< tw«> 
layers, one attached to the ectorlenn, known a*; the "•.mafoplenre, the 
other associated with the entoderm, and "jvikeii r»t .a- the "jilaia hncpl. u!-,-. 
while the cleft or cavity contained between the-e i" called tii*- i>>'l'*m. 
In the adult, ]H)rlions of this coelom become the ]>Ieitr;d. peric,ari!i;d atwl 
peritoneal cavities. The pleura i‘> developed fr*>m th'* me-' ’.' Tm v.iiieh 
lines this c<«-lom, and thi." me-oderm i" cotninuou- with th" axir!’. •!:•." 
of mestnlerm beneath the jwimitive "tre.ak. 'l l’.e axird nir:"- v. il! nl;i- 
matelv bcctime the contteclive ti'-uc of the }< /-!e:i<*r ;• rrior’. * f th- : del; 
mediastinum. 


* From ttu’ Di j’.'irtie.t iit < : 

rjiy."icj.m5- .'ijul Siiien 
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for roentgen-i. . ^his continued until September 9. Physical signs 

and roentgen -ray ' ■ , led unchanged. The patient became symptom- 

free, however, and gaihc. • p nds (8.6 Kg.),. In view of his improvement 
Nvithout any apparent charigt" ui the mass, the diagnosis was changed to prob- 
able tuberculous lymphadenitis. 

Feb. 'S', 1926, four and a half months later, the patient was readmitted with 
the, complaint that during the week previous he had become increasingly 
dyspheic. On examination, bronchial breathing, bronchophony, dulness and 
many medium moist rales were noted over the right lower lobe. A succussion 
splash could be heard in the interscapular region. On fluoroscopic examination, 
a collection of fluid with air above it was seen in the upper part of mediastinum 
posteriorly. The impression was that of a tuberculous abscess. On Feb- 
ruary 10, the dulness and bronchial breathing were more marked over the right 
lower lobe and roentgen-ray examination showed extension with apparently 
bronchopneumonic densities in the left lower lobe. The temperature ran about 
100 and the pulse was thready and weak. 

On' February 16, the patient coughed up about 6 ounces (178 cc.) of frothy, 
yellow, purulent, turbid, nonodorous fluid, and fluoroscopic examination showed 
that the mediastinal fluid level had descended. The cough continued, and the 
fluid level continued to decrease. February 20, the patient died suddenly.- 

The final diagnosis was tuberculous lymphadenitis of the mediastinal glands 
with softening and eventual rupture into a bronchus. Autopsy was not 
performed. 

Case 3. — ^M. W., a woman, aged 23, a pupil nurse, was admitted to the 
Presbyterian Hospital, Jan. 28, 1920, stating that she had had influenza eight 
days before accompanied by a pronounced coryza, but without signs of disease 
in the lungs. The accessory sinuses of the nose were clear. 

On the tenth day of the illness, she had an attack of acute pain in the right 
upper quadrant of the abdomen, which was made worse on deep inspiration 
and which radiated into the region of the right scapula. This lasted for three 
days. On the twelfth day, definite signs of consolidation appeared in the right 
interscapular region, and the patient developed slight jaundice. The white 
blood cells totaled 23,600, and the polymorphonuclears, 86 per cent. A blood 
culture was sterile. The temperature was 104 F., the pulse rate, 112 and 
respiration, 34. The sputum showed a growth of Streptococcus imicosus. 
Roentgen-raj’- examination showed pneumonia of the right middle lobe. On the 
seventeenth day, the roentgen-ray report was that a hydropericardium was 
shown, but clinical evidence of pericarditis was not present at any time. On 
the fortieth daj% there was an increase in precordial dulness, and the roent- 
genogram showed a shadow with the left border clear and the right border 
fuzzy. On the forty-fifth day, fluoroscopic examination showed pulsation m 
the left border of the heart shadow and an absence of pulsation on the right 
side, while the diaphragm was fixed on the right side but movable on the left. 
The right side of the diaphragm was high. There was a musical systolic blow 
over the lower end of the sternum. The sounds were always indistinct at the 
apex, and there was a systolic murmur over the aortic and pulmonic areas. On 
the fifty-second day, roentgen-ray examination showed the heart shadow of 
normal size with a 6 foot tube, while the diaphragm was high and firmly fixed. 

The patient continued to run a febrile 'course of an irregular type, while 
the signs in the chest slowly changed. On the one hundred and thirtieth day 
of the illness, there was dulness over the right side of the chest posteriorly 
from the eighth space downward, w'ith feeble breathing and a few fine rales. 
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tained within tlie niediastinuni, but it tails to give a nwnta! jnciurt- 
which can be retained and employed to visualize in any ‘riven ca^e tia- 
actual patholog;ic conditions present, while correlatinjr ph\>ical sie ' ar.d 
roentgen-ray observations. It is with the hojx' of suj'pb’inir , i.-- f’e!:* 
cienev that we have undertaken this studv. 

The central portion of the thorax, spoken of as the mediastitunr., 
extends from the posterior surface of the sternum atiterinrly t*' the 
anterior surface of the anterior common ,spinal hj^aireni posteriorly. It 
is limited on each side by the reflections of the i*ight ara! left pleurat : 
below, by that portion of the diaphragm situated bet'vv^en the lines of 
reflection of the jjleurac, and above by an imaginary ])Iane ]^a.'■^ing 
obliquely from behind through the upper border of the neck of the fir.-t 
rib, downward and forward to the upjier border of the sternal iii'toh. 
which roughly corresponds to the inner border of the flr.>t rib. • 

The pericardium, containing the heart, occupie.': the large.'t pnitinu 
of this .space, and it will be found convenient to liave the de.-criplion of 
the entire space focus about the pericardium. f<ir .several u'asnu';; tlv 
diseases of the heart and pericardium form a grouji <Hsiinet from 
the surrounding structures and rarely extend beyond their orieinrd 
limits to involve the remainder of the space. On both phy.'>ical and 
roentgenologic e.xamination, the heart and pcricarditnn serve a*: gtiide- 
by which to judge the situation of lesions of other struct lire.--. 

The remainder of the space may well be divided into prept‘ric:ir<lial. 
postpericardial, suprapericardial, right pericardial and left pericanlird 
portions. 

The prcpci'icardial portion varies considerably it) eMont bf'aU'C <<: 
the pronounced variations in the lines of reflection of the anterior i dc«' 
of the right and the left pleural cavities, as pointed f»ut by 'lania.' 'rh:- 
space is limited in front by the mu.‘:clcs lining the ]>osterior sttru'Cc of 
the sternum and by the jtcriosteum covering that botte. The comtinnii- 
calion on each side with the sjxice external to the parietal plettra i-- 
particularly free, as the parietal pleura has no lirm conufction but i- 
rather widely .separated from the .sternum by Ioom* aro-hr ti'^tn-. Ir? 
fact, the jileura does not become adherent until it i- ir) eomrict witli tlu- 
costal cartilages. The pathologic process nio-t fretprently er:c< 1 

in this region is disease, nsnally inberv'rjlouv. of the cb.i'U'lro-o rj’.-.i t.r 
chondrocostal jtmetions. This <!oes not involvr the nv iliii'-timmi bu: i- 
situated in tlie e.\irap1enr;d connective ti^-ue. extern:-.! to t!:e ] 
pleura. I'larely. as in ca>e a nu•di^l^t:n^:l ab.c> ^ may rxtec.l o rv, . :•! 
and point beneath the .-ternnm near the oriei!) "f lb-- 

The right and left jn’ric.anljal p ‘rtio!!- Ixim -I'..;!'! cbt. at v 
a.'- thev ni'e rel»reMnted bv a ntt-ager .am of h.r b f.v. n 


1 T.aiija, T • I’lb;:' ('itt'.'c: -'ir ICi e 

eijiiftt!! f'.Miei !:t Ji !t. M ) JT. 1 
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per cent. The -urine .was normal except 

A tentative,- diagtf6s4y;,qp^^;f«i}ic pulmonary tuberculosis, with possibly 
encysted fluid, ,\yas,ma'de.‘, 'jEne s'p’utum was negative • for tubercle bacilli on 
repeated examinations.' :The ropntgen-ray report, Oct. 31, 1924, was, “There is 
an encysted effusion arising from the posterior, costophrenic portion of the right 
pleural cavity .extending upward along the spine. There are productive changes 
in the bronchial walls, of the left. lower lobe.” 

The tfemperature ranged from 98 to 101, the pulse from 88 to 120. The 
signs remained essentially the same. Both by fluoroscopic examination and in 



Fig. S (case 4).— Mediastinal abscess ivith enlargement of the mediastinal 
shadow to the right; the contour of the shadow of the arch of the aorta on 
the left is normal. 


the roentgenograms, an encysted collection of fluid was noted to the right of the 
spine, but this could not be aspirated successfully. On November 6, a fluid 
level was first noted, and diagnoses of a mediastinal empyema which had 
ruptured into a bronchus and lung abscess were both considered. On Novem- 
ber 14, postural drainage was instituted, and the temperature promptb' came to 
normal. The sputum, which had been from S to 10 ounces (236 to 295 cc.) 
dail}-, gradually diminished to 2 or 3 ounces (59 or 89 cc.). Both roentgen- 
r.vy examination and physical signs showed progressive disappearance of the 
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fluid collectippx- The rbronchial changes and bronchiectasis in the left lower 
lobe persisted',' ' 

Jan. 20, 1925^! a*'"] ' nchoscopic examination was made. There was a large 
amount of fouP^^^i ■ .-in..th'''Urynx and trachea. This was traced to the left 
bronchus. 'No is fou' . irij the- right bronchus. The pus from the left 

bronchus^jappeai'g^y;.-' com' .^jm' the lower lobe. The lumen of this bronchus 
w'LS strictured, an! - .he. walls, had. undergone extensive ulceration, so that 
beyond ,-di!^ 7 in 6 uth,i.'‘ -. he bronjbhus 'of the upper lobe no normal mucous mem- 
brane c 6 uid‘' .e s^'e'V The na'frpwed ulcerated bronchus was like the mouth of 
a fistulou^j^ .'•ct,'^! '■ ■ which.^pul pus was seen welling up. The appearance 

suggested^^ ' Extensive .bro.ndi^ie'ctasis' of the lower lobe. 

Durinfp!unuary and ;,^Dlfuary, the temperature remained normal, but the 
sputum iftCr^ased again^io from 7 to 10 ounces daily (207 to 295 cc.). This 
was priq?#^;-the time;i^hen iodized oil 40 per cent was used for injection of 
the lungs.. ’'Tt was thought that the patient had a mediastinal abscess com- 



Fig. 8 (case 4.) — Cross-section of thorax representing the site of the 
abscess outside of the parietal pleura and communicating with the mediastinum. 
The thickening at the lateral border, X, causes the vertical shadow. 


municating with the left bronchus; therefore, in March, a left posterior 
mediastinotomy was performed. No collection of pus was found in the 
mediastinum. The pleura was free over the left lung, but a bronchiectatic 
condition of the lower lobe was noted. The wound was packed until adhesions 
had formed, and then a cautery partial pneumonectomy was performed. Follow- 
ing this there was considerable improvement for about eight months but not 
complete alleviation of symptoms. 

On account of the recurrence of fever and increase in sputum, seven months 
later he again came for treatment. Following an operation for further destruc- 
tion of the lower lobe, he developed a pyopneumothorax and died, about one 
year after the acute onset of the present illness. 

Case 5. — J. C., a man, aged 27, a laborer, -was admitted to the First Surgical 
Division, Bellevue Hospital, July 20, 1926, with a stab wound in the right side 
of the back. No other details were given. 

Below the twelfth rib on the right was a wound 1 inch (2.5 cm.) long, 
bleeding profusely’. The abdomen was soft but not tender. The chest vras 





LAMiiiiRT-nERRY—’nin Mi-j'-!.} 77 - A : •• 

followed the course ni the larger hronchi into the pijl.Monary A’*:- 

of the fluid injected passed between tlie pleura atid i!ic d' tp!r.’.':!n or ’-tv *. 
the pleura and the pericardium. , 

Another e.xtensivc area that was invaded’ -e injic:^!’: v,a< . *■. ’.r 
tissue situated between the parietal pleura at <■{ tht t';*' < 

and the inner surmcc of the ribs and inter I nnocle*. 

The distribution here was uniform and distb. livci ind o-rtC'ponfb i; i” : 
particulars with the irregularities obtained by llerar and M;.11et-'!!:\ "i; -. -c 



J'ip. 1.— Lateral view of cailaver after the injictii n >■! .,ti 
into the mediastinum: Tin* itijection ju.i'' it) tbe titt","’:. 
is widened in the vtipraiuricardial jtusiiim «■! tb.e »:;< li.o 
the posterioi jinrtioii a' it de'^iemb to tbe 


r.' I 

it »»» 




i '! r 


authors demoii-trati d tliat tb.e p.irii!..! pb;;;.. v..- ; • .• 

ribs from the luck oulwatd tiro; <>’.ir tb* .» 5 

showed a \<!l!cal line <•! -.M-i ’ 

vertebrae. Tbe thud injeitid m .nr r\;. r;- 
along tbe intireo''al '('..n* tb...’: .otr • i-l •. ' .. • : 

tioii of a b.irrnt t" i’.' '• • ; 
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clear. The pulse rate .was 100; temperature, 100, and respiration, 24. The 
urine was red and cloudy and showed a trace of albumin and many red blood 
corpuscles. The systolic blood pressure was 104, diastolic, 75; three hours 
later, the systolic was 140, the diastolic, 80. In view of the injury to the kidney, 
the-, wound was explored extraperitoneally. The tissues were filled with blood 
clot, but only a .small laceration of the kidney was found.' The peritoneum 
appeaJ'ed uninjured. The wound was drained and the kidney was not disturbed. 

The patient’s condition was good for seven days; then the temperature 
ranged from 101 to 104 F., and the pulse rate from 100 to 110. A diagnosis of 
subphrenic abscess was considered, but a roentgen-ray examination, August 3, 
showed no pathologic condition in the lungs nor any elevation of the diaphragm. 



Fig. 11 (case 5). — ^Appearance after operation: The abscess and mediastinitis 
shadows have disappeared, and there are bilateral root shadows that were not 
present before the attack, as shown by roentgen-ray examination. The heart 
shadow is normal. 

Cystoscopic examination, August 6, gave normal results for both kidneys. 

Because of the persisting sepsis, however, the wound was reopened and a 
large collection of pus was found in the perinephric tissues. This wound was 
left wide open with the kidney lying in it superficially, and was treated with 
surgical solution of chlorinated soda (Dakin’s solution). There was temporar}' 
improvement, but the temperature soon resumed its septic character, with wide 
daih' swings. 

August 14, dulness was noted at the base of the right side of the chest, and 
a friction rub was heard well posteriorly. The pulse w’as rapid and there was 
marked anemia. 



LAMBERT-BRRRY—TlIIi :JF,i?lAST!X> 




have entered the rctrovisccral 5pace. Thi? intimate rclatior ri5‘ ; c-r- 
emphasized by Lcrchc ’ and others. ^ 

When citlicr the pressure or amount of fluid ir' i • s tr.'iuly iir.rt-.-'r 
the pleura was ruptured and the pleural cavit rtlirrwi'' i; 

remained free. This rupture occurred cither al* line ' rcni-rti.':-. 

the bodies of the vertebrae as noted above, rr ic p’ 'trrif-r b -f <■: 

broad ligament near the root of the lunir. 


Another series of injections, followinc the same tc' 'C w.'i'- niadr. en ;-! 
in place of Gcrota's fluid a mixture of equal parts •'! dt f!bri!'..itf'l i- 
blood and a 50 per cent solution of sodium iodide. Tl.;« 'olntion i- < pr,.', 
the roentgen ray. It forms an injection medium which per'^n’t a jr.-:;. ; 
contrast at the lime of injection, but the color does net In'-! . nl sbv.ly dh 
into the surrounding tissues. ' 


} !T1C 
man 
;r t*' 



A series of roentgenograms was taken before and '.-i iter the inj* ‘'tio:-, . ;’ <■ 
latter showed the shadow in the neck, extending down tlv.'iredi.astinnn, ;»> - 

diaphragm. In addition, root shadows appeared avbirb snggist tb'‘--e 
the eases of mediastinitis. The distribution of the fluid injected v.,a*^ id* 
with that obtained when CJerota's fluid wa« cmployerl tiig'. 1 :<nil 2'. 


CONTLU.'tlON.*: 

There are clcfinitc paths by which iitfectiotis ntay sprend, 
focus in the mediastinum: (1) thnmsh the broad liRamcnt'^ <»i tb." Utne* 
beneath the visceral iflcura and into the substance of the hnn: <!< v. ji the 
larger branches of the bronchial tree; (2) jxt.stcriorly alotv.," tip- ]> -lif' 
of the vertebrae to the cndothoracic fa.scia outside of the p:ni'.i.il ]>)• ur.i : 
(3) upward into the fa.scial planes <»f the neck; (4; finwsiw.-ird into 
the retroperitoneal connective tissue: (5) anteriorly beniatb tbi; stotr.tnn 
outside of the anterior pleural reflections: (0) exudate- in roju* ] wsl) 
give rise to roentgen-ray .shadow.s often sjx'ken of as mot sbrulow-, 

(7) exudates in zone 2 show large flunl colk-rtifui'- whirb widrti ’.t;* 
normal mcdia.stinal .shadow. 


KKi’OKT or r.\sr.> 

Cash 1. — A. P., a man, aged IS. an haliaji. wa- .n’min"': ■ t 

Ho-Mu'tal, service «»f Dr. .1. A. Miller, Uct. 1‘--.’. :ud v,.-.- 
Xovember 14. The diagno-is wa*. inedia-iinit!-, wiib » e ■; • 

ligatnents beneath tin- \i*-ceral idinra (fu-. .? .-.nd 4/ 

Tile family history w.-i- negative. The jctti':'! hoi ;;d . tt 

bronchitis one ami three .'<ar- bef'-ie. «:.ch la-tii •• ; 
weeks before adnii-'ion, be b<’ean tcluoe nvi! \ . 

of nnicoiiunileiit 'puniin >;oh iJ.-r 'Ih.'* «> '•■’i:; • • ’ i” 

admission. 
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before, with pains in' the lumbar region. An abscess in the back had been 
drained, and had healed after several months. The patient had resumed work 
and had remained well for four years, when he developed a slight, productive 
cough, with mucopurulent sputum. Shortly after this he had developed pain 
and swelling in the right hip. This had been incised and a large quantity of 
ptis had been evacuated. The tissue obtained at the time of operation showed 
tuberculosis. This sinus had never healed, but the patient was positive that the 
cough had improved since the operation on the hip. 

The right lung apparently was clear. There was impaired resonance in the 
left lung from the .apex down to the seventh vertebral vertebra. Breathing was 



Fig. 13 (case 7). — Appearance before operation. There is a definite widening 
of the upper mediastinal shadow' toward the left ducto enlarged tuberculous 
lymph nodes. ' 


harsh, especially on expiration, which was prolonged and bronchial in character- 
A few' crepitant rales were heard over the left base posteriorly. In the right 
thigh, about 10 cm, below the crest of the ileum there was a sinus discharging 
a large amount of pus. This sinus appeared to run upward anterior to the 
neck of the femur and beneath Poupart’s ligament. 

The temperature was 100 F.; the pulse rate, 104, and respiration, 24. The 
Wassermann reaction w'as negative. Repeated sputum examinations were 
negative for tubercle bacilli. 

Iodized oil 40 per cent was injected in the sinus in the thigh, and shortly 
afterward he coughed up the oil. Roentgen-ray examination show'ed a shadow 
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weeks before admission, the patient really dated the onset as six months back. 

The patient was poorly nourished. The pupils reacted to light and 
accommodation. . The- throat was clear. Respiratory motion was limited on 
the left. There was dulness approaching flatness at the base below the second 
rib on the left, with absent fremitus and breath sounds. The right lung was 
clear. The heart was slightly displaced on the right. Sounds were regular; 
there was a blowing systolic murmur, and P. was accentuated. The extremities 
were normal. The biceps and knee jerks were sluggish. 

The red blood cells totaled 3,600,000; the hemoglobin content was 75 per 
cent; the white blood cells totaled 9,000, and the polymorphonuclears, 44 per 
cent. The Wassermann reaction was negative.- Urinalysis showed a faint 
trace of albumin and a few casts. No tubercle bacilli were found in the sputum 
on three examinations. Ova of Trichhms irichiura and uncinaria were found in 
the stools. Tlioracehtesis performed twice yielded no fluid. Three hookworms 
were found in the stools after a vermifuge. June 28, the red blood cells totaled 
4,200,000; the hemoglobin content was 75 per cent; the white blood cells totaled 
5,800, the polymorphonuclears, 52 per cent and the eosinophils, 24 per cent. 
Repeated roentgen-ray examinations of the chest showed a dense homogeneous 
'shad«j.w at the left base, extending up the left lateral chest wall, and peri- 
br-/!'^ 'ial infiltration in the left apex. 

"he first four or five weeks the patient ran a low, intermittent rise in tem- 
‘ The signs in the lungs did not change. Carbon tetrachloride and, later, 

nopodium were given as a vermifuge and three hookworms were 
; after this one expulsion Jio hookworm ova were found. Trichtuns 
^ ova continued to be present. About a week after this, the patient began to 
. lairly constant pain in the upper part of the abdomen. The abdomen 
:ame distended, signs of fluid were present and it had a doughy feel. The 
/ain became worse and more constant, and the temperature began to rise to 
103 or 104 F. almost daily. Two or three enlarged glands appeared in the 
neck. The patient lost weight steadily. The signs in the lungs did not change. 
Three attempts at aspiration of the chest were unsuccessful. There were no 
meningeal symptoms or signs. The patient was transferred to Bellevue Hospital. 
Heliotherapy treatments were given, cod liver oil and iodid of iron. 

Shortly after admission, September 14, he was examined by Dr. Miller, 
whose report was : The tip of the spleen can just be felt. The liver can 
easily be felt 2 inches (5 cm.) below the costal margin. The signs in the 
chest are confined to the lower posterior quadrant on each side. The appear- 
ance on the left is characteristic of chronic pleural adhesions. On the right, 
although the ribs are prominent, the percussion note is dull at the angle of 
the scapula, and in the axilla the breath sounds are slightly diminished. There 
arc numerous discrete glands in the cervical region, particularly on the left 
and in both axillae, which are more characteristic of tuberculosis than of 
Hodgkin’s disease. 

On fluoroscopic examination, the right side of the diaphragm was high, but 
it moved moderately; on the left, there was localized density, somewhat 
elliptical, laterally between the third and seventh ribs; it seemed to be pleural 
and partly calcified. There was a shadow slightly less dense than the heart 
shadow to the left of the midlinc of the mediastinum, extending from the heart 
shadow to the clavicle. It seemed to be a distinct mediastinal shadow which 
did not bulge and did not pulsate except by transmitted pulsation. The appear- 
ance was that of mediastinal glands which may have suppurated. 

The roentgen-ray report of September S was that there was a large mass 
in the median portion of the left upper lobe and hilum. The posterior medias- 
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have been treated s -.’rgically. These cases were formerly considered unusual 
— so rare that soine' years ago when I was studying the subject I could find 
few instances of rnediaotinotomy for suppuration. These cases resemble 
mediastinitis in the roentgenogram. Surgical diagnosis and treatment by these 
methods will doubtless save many lives. 

Dr. Nathan W. Green, New York: Dr. Lerche at a previous meeting also 
presented anatomic pictures of mediastinal infections. Each year the general 
surgeon' should be informed concerning this condition and given better methods 
of treating:- it. 

Dr. William DEKruE, St. Paul : I have had a few more cases of mediastinal 
suppuration, since my report; of three years ago. The cases I shall report at 
this meeting may show the way mediastinal suppuration begins, that is, in 
the mediastinal lymph nodes, particularly the tracheobronchial nodes. 
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The -'right tracheobronchial space (fig. 2), containing from five to 
seven lyni^h nodes, is bounded below by the right pulmonary artery and 
the right main bronchus, to the left by the trachea and the ascending 
aorta, anteriorly ,by the superior vena cava, and to the right by the 
mediastinal pleura^above and -the azygos vein below. The space is nar- 
rower above on account of the course of the right vagus nerve posteriorly 
and the innominate arterv to the left. In figure 3 is shown the arrange- 
ment of the lymph nodes,ip this space. 


'R.traefMed l*n. 
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Fig. 1. — The tracheobronchial lymph nodes (Sukiennikdw). 
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Fig. 2. — The right tracheobronchial space (Sukiehnikow). 
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Fig. 3. — ^The right tracheobronchial group of lymph nodes (Sukiennikow). 


REPORT OF CASES 

Case 1. — A farmer, aged 46, weighing 180 pounds (81 Kg.), had had pleurisv 
at the age of 31, with good recovery, and a severe attack of influenza at the age 
of 39. Since the attack of influenza he had been troubled with a dry hacking 
cough and frequent "colds.” About three months prior to consultation, he ha® 
noticed pain in the upper part of the chest behind the sternum and to the riglit- 
Two months later, the pain had become severe and had radiated throughout the 
upper part of the right side of the chest, increasing in severity on coughing, deep 
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was no evidence of' Compression of the esophagus as seen through the esophago- 
scope. The diagnosis •'was "rM^nstinal abscess due to suppuration of the right 
tracheobronchial group of- lympn nodes. 

■Anterior mediastiriotomy: for drainage was advised, but the patient insisted 
on postponing the operation for a few days. Twenty-four hours later, he had 
a violent attack - of coughing and expectorated about a pint of pus. Broncho- 
scopic examination, made three days after the discharge of the abscess, disclosed 
a dark recess on the anterior wall of the trachea to the right near the bifurca- 
tion, which evidently was the avenue of exit for the pus. The leukocyte count 
at this' time was 9,800. All symptoms had disappeared, and the patient felt 
well. A culture from the pus showed mainly pneumococcus. Tests on guinea- 
pigs that were inoculated were negative for tuberculosis. It was by the aid of 
the bronchoscope that. the diagnosis could be clinched in this case by observing 
the inflamed conditioh of the mucosa at the right tracheobronchial angle, corre- 
sponding to the anterolaterally situated group of lymph nodes in the right 
tracheobronchial space. The fact that all symptoms were less severe at the time 
of consultation than they were three weeks earlier was probably due to the escape 
of the -pus from the narrow confines of the tracheobronchial space, . which 
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Fig. 5. — The inferior tracheobronchial space seen from above: cross section 
of fourth and fifth dorsal vertebrae (Sukiennikow). 


relieved the pressure on the organs forming its walls. It will be noticed that 
although the patient had pain on swallowing, he experienced only occasional 
dysphagia, due probably to pressure on the vagus, which forms a part of the 
posterior boundary in the right space. He had only occasional dyspnea, because, 
although there was pressure on the tracheobronchial angle and there was some 
edema of the mucosa, the bronchial tube was not compressed, as seen by broncho- 
scopic examination. There was pressure on the- vessels. The abscess in this case 
pointed forward, and I proposed to drain it through an anterior mediastinotomy. 
On the other hand, an abscess in this space might extend upward between the right 
carotid artery, the trachea and the spinal column and be drained through the neck 
or through a posterior mediastinotomy. 

The inferior tracheobronchial space (figs. 1 and 5) contains from 
nine to twelve lymph nodes and is bounded anteriorly by the pericar- 
dium ; laterally and above, by the two main bronchi and the bifurcation ; 
posteriorly to the left, by the esophagus, and posteriorly to the right, by 
the dorsal vertebrae and the vessels and nerves placed on them ; below, 
the space extends to the level where the pulmonary veins enter the left 
auricle. 
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August 17, roentgen-ray examination showed a vertical collection of fluid 
to tlie right of the spine from the eighth to the third rib. The heart shadow 
was enlarged and apparentlj' rotated. A diagnosis of mediastinal abscess 
was made, and the abscess drained by a right' posterior mediastinotomy, with 
resection of the heads of the sixth and seventh ribs. Following this the- 
patient gradually improved. Roentgen-ray examination showed progressive- 
clearing of the mediastinum. Small root shadows persisted. The patient- 
seemed better and the wounds appeared healthier; after fifteen daj-s, the tem- 
perature ranged from normal to 100, with occasional flares. On the-'twehfy- 
sixth day postoperative his temperature suddenly rose to 104 F. and his puls'e' 



Fig. 12 (case 6). — Mass of iodized oil, 40 per cent, injected into sinus, of 
the thigh, crossing the median line on the body of the twelfth thoracic vertebra ; 
i. e., within the mediastinum. 


rate to 140. The abdomen was rigid and distended, and a diagnosis of diffuse 
peritonitis was made. He died seven days later, thirtj'-four days after the 
mediastinotomj’-, or on the seventy-first day of the illness. 

Autopsy showed a suppurative nephritis of the right kidney, an acute diffuse 
suppurative peritonitis, a drained suppurative mediastinitis and an edema of 
the right lower lobe about the hilum, but no pneumonia. 

Case 6. — P. G., a man, aged 47, an Italian tailor, did not recall having - 
received anj' severe injury. The present illness had begun about five 3 'ears 
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of barium appeared as a thin broad band. The right part of the posterior 
boundary of this space (the spinal column) was on a plane posteriorly with the 
left part of the posterior boundary (the esopha^s), permitting the latter to be 
compressed, laterally from right to left. 

In cases 1 and 2, the diy hacking cough has ceased since the discharge 
of the abscesses. 

I feel certain that if bronchoscopic and esophagoscopic examination 
had been carried out in this case, there would have been no difficulty in 



Fig. 7 (case 2). — Oblique view of abscess, a, a,’ a, a; of esophagus, b, b. 


establishing a definite diagnosis. A posterior mediastinotomy would 
be the method of choice in draining the abscess in this case.® 

The left tracheobronchial space (fig. 8) contains from three to six 
lymph nodes. Its boundaries are, posteriorly, the esophagus and the 
descending aorta; to the left, the ductus arteriosus; to the right, 

5. This case occurred in the practice of Dr. E. V. Goltz of St. Paul, "ho 
allowed me to studj' the history and the roentgenograms. 
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in the retroperitoneal tissue about both kidneys and ■ a shadow . in . the left 
bronchial tree. The connection between these two was not ■ demonstrated until 
the injection was carried out with the patient lying on his, yentral surface. 
The figure shows the result of the roentgenographic series. 

The patient refused operation and subsequently died of amyloid degeneration 
of the liver and kidneys, with ascites. .... 

Case 7. — Q. W., a Chinaman, aged 18, was admitted to Bellevue jEIospithl, 
service of Dr. J. A. Miller, Aug. 30, 1926, and died, September 29. The diag- 



Fig. 14 (case 7). — ^Appearance after operation: The abscess was drained 
through a left posterior mediastinotomy, with resection of the fifth and sixth 
ribs; the shadow has disappeared. 

nosis was tuberculosis and abscess of the mediastinum. He had been trans- 
ferred from the Presbyterian Hospital, where the diagnosis had been sero- 
fibrinous pleurisy. He had complained of pain in the right side of the lower 
part of the chest of from three to four weeks’ duration. The past history had 
been essentially negative. The patient had had no other respiratory symptoms, 
and no cardiac or gastro-intestinal complaints. Six months before admission, he 
had had a cold, and although the pain in the chest had begun only three or four 
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with edema, or pos' a;,grv>wth at .the hilum. An. endoscopic examination was 
not made,' as the 'pV 4j^s’’c.d2d^ion was poor. 

At necropsy UtejeCtasis of^fhe left lung was seen. The heart was large; 
there was left-side;.-hxp,^*'ifpphy, with slight hypertrophy of the right side of the 
heart. The left* auricle; was considerably dilated, with marked thinning of the 
wall of the apex. The valves -were normal. The ducttis arteriosus and foramen 
ovale were closed. - There was an anomaly of the; coronary system, the left 
coronary artery rising from the pulmonary artery Instead of the aorta. The 
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Fig. 10. — Posterior view of trachea; eparteriai lymph nodes. 


not enlarged, while the left group formed a large mass the. size of a lima bean, 
and the chain of lymph nodes along the left side of the trachea showed consider- 
able enlargement. The large mass of lymph nodes noted undoubtedly exerted 
pressure on the left main bronchus, being between the latter and the aortic arch 
above, while the enlarged heart, according to the pathologist’s report, pressed on the 
left bronchus from below. The left recurrent nerve, which is usually in close con- 
tact with the left tracheobronchial lymph nodes (fig. 18), was exposed to pressure, 
hence the pronounced hoarseness. The esophagus forms the right part of the 
posterior boundary and is also exposed to pressure. Microscopic examination 
revealed hyperplasia of the left tracheobronchial lymph nodes. Unfortunately, a 
bacteriologic examination of the affected lymph nodes was not made. On 
cadavers 1 have tried the approach to the left tracheobronchial space, both 
through an anterior as well as a posterior mediastinotomy, and it seems as if 
the anterior route would be the easier. 

In order to demonstrate the effect of pressure on a bronchus by 
enlarged lymph nodes, I report case 4. The ventral eparteriai broncho- 
pulmonary group contains from three to four lymph nodes situated at 
the angle of the eparteriai bronchus (fig. 10). 
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tinum was clear. There was transmitted pulsation of 'this mass.' The diagnosis 
was enlarged glands (?) or new growth (?). There was an effusion in the 
left pleural cavity, the upper level of which was at the seventh rib posteriorly- 

On September IS, it was thought that a shifting fluid level could be seen 
under the fluoroscope. A diagnosis of tuberculous abscess of the mediastinum 
due to suppurating glands was made, and the patient was referred for operation. 

September 21, a left posterior mediastinotomy with resection of the sixth 
and seventh ribs was performed. The pleura was separated from the . sides 
of the vertebral bodies and the aorta exposed, together with the mediastinal 
pleura. Induration of the tissues and enlarged glands were found.,-. The'wound 
was closed without drainage. • .i,.* 

On September 29, the wound broke open and from 4 to 5 ounces (118 . to 
148 cc.) of foul, brownish yellow pus was discharged. A finger was inserted, 
but no opening could be found leading across the aorta. Roentgenograms taken 
at this time showed complete clearing of the mediastinal abscess. 

The patient died the same day. 

ABSTRACT OF DISCUSSION 

Dr. Hugh Auchincloss, New York: I have had confirmation of the truth 
of many of the statements, made not only in malignant tumors of the ’ ' '•-t 

which spread to the mediastinum and thence along the different p?’ ■ 

Dr. Lambert has spoken of, but also in a case of inflammation whi^ 
cite briefly. A young baseball player slid and scratched the left thign,^ , 
it dressed on Wednesday. On Thursday he neglected it. On Friday K 
dressed. On Saturday he did not return to have it dressed. On Sunday, 
developed ; he became ill and went to the infirmary. On Monday he ' ■ 

brought to New York and entered the Presbyterian Hospital, with hemolyt, 
streptococci in the blood. He was desperately ill, and on Wednesday he died\ 
Besides the usual symptoms associated with hopeless sepsis, he had rigidity 
of the abdomen and signs of fluid and consolidation in both sides of the chest, 
and a disturbingly large area of dulness in the front of the chest. The two 
little wounds were not important and dried up. At autopsy there was fibrin in the 
peritoneal cavity and fluid throughout. No visceral source for this infection 
could be found. The lymph glands in both iliac regions were large and soft. 
No abscesses were found in these glands, but when the aorta and the vena 
cava were raised, a chain of lymph glands containing abscesses, some almost 
1 cm. in diameter, were found. They contained pus and hemolytic streptococcus. 
This chain ran up the posterior abdominal wall into the chest along the route 
of the thoracic duct. On either side there was a hemolytic streptococcus 
pneumonia with fluid in the pleural cavities and in the pericardiac sac. The 
lymph glands along the posterior mediastinum still showed little abscesses. 
The most striking thing, however, was that just below the junction of the 
thoracic duct and the vein was a lymph gland that was discharging pus from 
an abscess directly into the duct. This pus in the duct was, of course draining 
directly into the vein. Thus, infection of the retroperitoneal and mediastinal 
spaces was started by a scratch in the thigh, and this was followed by 
peritoneal and serous cavity involvement. Drs. Lambert and Berry have 
shown this condition diagrammatical ly; this case would seem to be clinical 
confirmation of the truth and importance of their observations. 

Dr. Howard Liliexthal, New York: I am grateful to Dr. Lambert for 
having shown these excellent anatomic pictures, but still more because he 
has demonstrated such a number of cases of suppurative mediastinitis that 
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Case 4. — A child,, aged 10 '■months, developed cough with a peculiar stridor 
so suddenly that it was thought that, a foreign body had. entered a bronchus. 
Roentgenograms (fig. . 11) showed enlarged bronchopulmonary and tracheo- 
bronchial tiodes, atelectasis of the upper right lobe and overdistention of the 
lower lobes. Through the bronchoscope, I saw the lower wall of the eparterial 
bronchus pushed against its upper wall .so as to obliterate the passage (fig. 12). 
A mass o'f .tuberculous lymph nodes of the eparterial group was the cause of 
compIete-.-^pStruction of t*’'- upper lobe bronchus and partial obstruction of the 
lower lobe>b‘r6nchus. ’} ,* 

Bartels, ?t<luolipg W- states' that the. posterior mediastinal lymph nodes, 

from eiahf^to twelve i)' n xifaer, lie on the thoracic aorta and the esophagus. 



Fig. 13 (case S). — ^Fistulous opening in esophagus. 


According to Sakata,^ the posterior mediastinal lymph nodes are scattere 
around the thoracic aorta, from the level of the tracheal bifurcation to the hia us 
oesophageus. 

Case 5. — A woman, aged 26, complained of cough follbwing an 
influenza with pneumonia three years previously. The cough had increase , ^ 

for several months before the consultation she had noticed 'purulent expectora |o 
and also that a part of the liquids that she took were cough'ed up. Occasiona » 
the expectoration had been blood streaked. 

Esophagoscopic examination revealed an opening in the wall of the esop a^^' 
posteriorly to the right, communicating with a cavity in the mediastinum, _ 
was filled with bits of an apple that she had eaten the day before and w »c 


6. Bartels, P.: Das Lymphgefasssystem, Jena, 1909. 

7. Sakata, K. : Ueber die Lymphgefasse des Oesophagus und uber^ sei 
regionaren Lymphdriisen mit Berucksichtigung der Verbreitung des Carcmo , 
Mitt. a. d. Grenzgeb. d. med. u. chir. 11:634, 1903. 


INFECTED MEDIASTINAL LYMPH NODES-. AS . A- 
SOURCE OF MEDIASTINITIS 

WILLIAM LERCHE, M.D. 

ST. PAUL 

? . ■* *1 * • 

The mediastinal lymph nodes often become infected in diseases of 
the respirator}' tract, and preeminently so the tracheobronchial groups, 
which, according to Most,^ receive the lymphatics-' from the lungs, 
bronchi, the lower part of the trachea and its bifurcation. In whatever 
way the micro-organism enters the lung, whether by_ penetrating the 
bronchial mucosa near the hilum and spreading in the intefstitiai tissue 
and l}'mphatic system to the lung, as shown in the experiments on 
monkeys with streptococcus and pneumococcus by Blake and Cedi,- or 
hematogenously as demonstrated by Krause “ in experiments with 
tubercle bacillus in guinea-pigs, the micro-organism ordinarily is carried 
off from the lungs and bronchi by the lymphatics to the tracheobronchial 
lymph nodes. The importance of the tracheobronchial nodes as a germ- 
harboring depot cannot be overestimated. It has repeatedly been shov,'n 
that virulent micro-organisms may be present in these lymph nodes 
without any other demonstrable focus in the body. 

Although an abscess of the tracheobronchial nodes may discharge 
into a bronchus and healing take place, there are a number of necropsies 
reported in the literature in which it was found that abscesses from 
suppurating lymph nodes had ruptured into one of the large blood 
vessels or into the heart and other organs in the mediastinum. There- 
fore, surgical measures for the proper drainage should be instituted as 
soon as diagnosis is made. 

In order to be able to make an accurate diagnosis and to carry out 
the proper surgical treatment, a definite knowledge of the topography 
of the various groups of lymph nodes and their relation to the surround- 
ing organs is essential, and each group will therefore be re%'iexved briefly 
with the case reports. 

The tracheobronchial h-mph nodes consist of three main groups 
(fig. 1) situated in the right, in the left and in the inferior tracheo- 
bronchial spaces as described by Sukiennikow.’* 

1. Most, A.: Ueber die Topographie des Lymphgefaszapparates im kind- 
lichen organismus und ihrc Idinische Bedeutung, .A.rch. f. Kinderh. 48:, 1908. 

2. Blake, F. G., and Cecil, R. L.: Pathologj' and Pathogenesis of Pneu- 
mococcus Lobar Pneumonia in Monkeys, Exper. Med. 31:443-474 f.-^pril) 1920; 
Experimental Streptococcus HemoKticus Pneumonia in Monkeys, ibid. 32:401-426 
(Oct.) 1920. 

3. Krause. A. K. : Tuberculosis in the Guinea-Pig .After Subcutaneous 
Infection, with Particular Rei'erence to Tracheobronchial Lymph Nodes, .Am. Rev. 
Tuberc. 4:135 (May) 1920. 

4. Sukiennikow, W, : Topographische .Anatomic der bronchealen und 
trachealen Lymph driisen. Berk klin. Wchnschr., 1903, p, 316. 
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removed. The opening was situated in the upper part of the lower third, it was 
almost circular in outline (fig. 13) and the margin was well covered witli epi- 
thelium, inaicating that it had been present some time. On fluoroscopic exami- 
nation with a barium mixture, the latter was seen to pass through the fistulous 
opening in the esophagus and, having filled the cavity in the posterior mediastinum, 
enter the right lung, and ascending through the bronchi to be finally coughed up 
(fig: 14). •’ 

'In ■ this case, lymph nodes in the posterior mediastinum, which drain the 
esophagus as well as the mediastinal pleura, had probably become infected from 



Fig. 16 (case 6). — ^Abscess cavity in mediastinum, a, and fistula to esophagus, b. 


the right pleura during the attack of influenza, the abscess ulcerating into hot 
the esophagus and the right lung. In figure IS is shown the method by which tie 
cavity was treated by the application of silver nitrate solution or tincture o 
iodine twice a week through the esophagoscope. After a few weeks of , 
ments, the cough ceased, and the patient did not expectorate any of the 
liquids. The cavity apparently was getting smaller, and her general ’ 

improved. However, the patient did not return for further treatment, so • 

not have the opportunity to see the ultimate result of this treatment. ^ f 
■was later to cauterize the mucosa of the opening with actual cautery throug ' 
esophagoscope. 
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breathing or walking. Pain also had been felt between the shoulders, but. had r -t 
been so severe. Tlie dr}' cough had become worse, and he , had had fre''.ient 
frontal headaches accompanied by nausea and occasional vomiting. He had had 
pain on swallowing and, occasionally, dysphagia and dyspnea. ' He' had had a 
feeling of pressure in the chest, a choking sensation and palpitatfon df the heart 
on slight exertion. He had had to sleep with the-he^d andjshoulde»‘S''high!’ All 
these symptoms were less pronounced at the time, of consultation than they' had 
been three weeks before. 

Inspection revealed swelling in the region of tfie’ fight second costal cartilage 
and in the first and upper part of the second intefspate. '• On palpation this area 



Fig. 4 (case 1). — Mediastinal abscess, a, a. 

was found sensitive. Auscultation was negative, except for roughness of breath 
sounds over the larger bronchi on the right side. Percussion revealed dulness 
over the sternum and the area in the first and second right interspace. The 
leukocyte count was 5,600; the temperature, 97.4; the pulse, 80, and respiration, 30. 
Fluoroscopic c.xamination showed an abnormal shadow in the upper part of the 
chest behind tlie manubrium, in the upper part of the sternum and through 
posteriorly beyond the arch of the aorta to the spinal column, as seen in figure 4. 
On bronchoscopic examination, the first part of the right main bronchus and the 
adjoining part of the trachea were red, inflamed and somewhat edematous. There 
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side of the diaphragm was seen to be on a considerably higher level than the 
right (fig. 17) ; on expiration, it reached the upper border of the fourth rib. 
The ■ condition improved, and five months later the left side of the diaphram 
was on a lower level, but was not quite normal. In March, 1922, she had pleurisy 
•on the left side, and the left side of the diaphragm in full expiration extended to 
the middle of the third rib. 

The patient later developed tuberculosis of the apex on the left, and there 
was thickening of the pleura on the left. Her present state of health is apparently 
good. A recent fluoros-'opic examination, more than five years after the insuf- 
ficiency of the diaphragin- was first noticed, showed the left side of the diaphragm 
2.5 cm. below the right in deep inspiration, and less than 1 cm. above the right 
side of the diaphragm in full expiration. 


The left phrenic nerve is in close proximity to the preaortic group 
of lymph nodes, and I believe that infection of these nodes with a peri- 
adenitis involving the phrenic nerve was the cause of the insufficiency of 
the left side of the diaphragm iathis case. Figure 18 shows a sketch 
from a cadaver in which the phrenic nerve was firmly adherent to the 
pireaortic lymph nodes. Such cases of nonsuppurative mediastinitis are 
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Fig. 18 (from cadaver)'. — ^Left phrenic nerve adherent to preaortic lymph nodes. 
The left recurrent nerve is seen between lymph nodes in the left tracheobronchial 
space. 


probably not infrequent. Dorendorf ® reported the case of a woman, 
aged 64, with pneumonia on the left side, who developed hoarseness due 
to paralysis of the left recurrent nerve. Necropsy, revealed the left 
recurrent and the left vagus nerves surrounded by a gelatinous edema, 
and there were many swollen tracheobronchial lymph nodes. 

Case 8. — A woman, aged 37, had had suppurating cervical lymph nodes in 
her youth. At the age of 25, by accident a bit of cornflake had entered t e 
larynx, precipitating a violent attack of coughing, with choking. Thereafter, 
whenever she took liquids, part was coughed up. She had regurgitation o 
food and thick mucus, epigastric pain, distress and vomiting, and she could not 
lie on the right side without pain or vomiting. Dyspnea was marked, increasing 
on exertion. 

8. Dorendorf : Die Diagnose akutennicht eitrigen-und der chronischen 
Mediastinitis, Arch. f. Laryngol. u. Rhino!. 33:285-293, 1920. 
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Case 2, — A woman, aged 24, had had influenza accompanied by pneumonia 
in 1918. Since the attack she had been troubled a dryr-^ugh and frequent 
"colds.” In May, 1921, she had had a chill and i.bad ' noticed ;pain .in the chest 
substernally, which increased on deep breathing and- on swalllowing either liquids 
or solids. She had dyspnea and dysphagia. The temperature for several days, 
did not rise above 100. Her condition grew gradually worse and ten days later 
the pain in the chest became severe, and was also felt in the back, between the 
shoulder blades. Hiccup developed. The temperature was 102.6. The dysphagia 
increased to such an extent that the patient could hardly swallow liquids and 
the dyspnea became extreme. The patient then had a severe coughing spell and 



Fig. 6 (case 2). — Anteroposterior view: a, bifurcation; b, right bronchus; 
c, left bronchus; d, d, d, abscess in inferior tracheobronchial space; c, c, c, 
esophagus, and f, trachea. 

expectorated three-fourths pint (354 cc.) of pus, with immediate relief. The 
highest leukocyte count was 30,200. In this case, the abscess originated in the 
lymph nodes of the inferior tracheobronchial space, where both main bronchi 
as well as the bifurcation were exposed to the pressure of the pent up pus, and 
the esophagus, as shown in the roentgenograms, was compressed to the almost 
complete occlusion of its lumen. In the anteroposterior view (fig. 6), a narrow 
streak of barium was seen to the left. In the oblique view (fig. 7), the column 
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one largft oval opwiing by the sloughing off of the intervening strip of mucosa; 
this facilitated the entrance of food into the trachea. For that reason, four 
ypars after the phrenoplication, I made an anterior mediastinotomy by raising a 
flaj) contaiiiing 'the' left part of the sternum down to the second interspace, the 
clavitle 'and the fitst' and second rib, as described by Le Fort.® I loosened the 
adhesion’s ddwn t 9 the fistula' without opening the latter. To repair tlie fistula did 
not seem ' feasible, rfnd tbe •'best was closed. During the year following this 
operation, ■ the patient ^Vas in better health, her weight increased to 145 pounds 
(.65 Kg."),^ and she coi’g’‘?d less. To what this improvement can be ascribed, I 



Fig. 20 (case 8j. — Esophagotracheal fistula, a. 


do not know, unless that postoperative adhesions, by contraction, had decrease 
the fistulous opening or distorted it in such a way that food did not enter tie 
trachea as readily as before. 

One year after the last operation, she had an attack of influenza, after whici 
severe cough developed with gradually increasing purulent expectoration, 
abdominal distress and vomiting. The vomiting gradually increased, and se\cn 
months later she could retain hardly any food. An exploratory laparotomy was 
made. Extensive adhesions were found in the right epigastric region between 

9. Le Fort, R. : Une voie economique et large pour I’acces du carre-fouf 
cervico-mediastinal. Presse mW. 26:373 (Tub' 22) 1918. 
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the trachea; below, the left tracheobronchial angle, and above, the 
aortic arch. 

Case 3. — child, aged 3 months, one of twins, apparently had been well 
until the age of 6 weeks, although it had always been somewhat paler than its 
twin. Since the age of 6 weeks, it had not taken its feedings so well, and had 
ceased gaining in weight. Since the age of 7 weeks, it had been hoarce and had 
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Fig. 8. — ^The left tracheobronchial space (Sukiennikow). 



Fig. 9 (case 3). — Atelectasis of left lung due to pressure on the left bronchus. 

wheezed and coughed. It coughed at each feeding and had frequent regurgitation. 
While in the hospital, the nurse noticed that when the baby was picked up it 
cried as if in pain, became cyanotic about the nose and mouth and coughed. 
There was always a great deal of mucus in its throat. Tube feeding was tried, 
but unless the tube was introduced toward the right, it met with an obstruction 
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The u’vzisratiq^i of sur»nurating tuberculous tracheobronchial lymph 
nodes into the.tra,chea or -r.onchi is not rare. Schaldemose compiled 
nineteen cases, fj*pm tli*:, ./ature prior to the year 1900 and reported 
a. case of his. own;" Scb';'. gelow compiled twenty cases since the year 
1900 and reported ithi^tii'-'cases of his own, 

• .In this, type of casf';').iinrnediate bronchoscopy is indicated for the 
purpose of diagnosis ar. 'for the removal of the debris from the caseous 
lymph nodes obstruct]' jg.^.the respiratory passage. Schmiegelow also 
reported the case .of a baby'r^dged 8 months, -who died from an obstruction 
in the respiratory. tract ‘;';|.Necropsy revealed a hyperplastic lymph node 
the size of a walnut cbmpressing the trachea. 



Fig. 22 (case 9). — Insufficiency of the left side of diaphragm., 


In cases 1, 2 and 5, the patients dated the beginning of their trouble 
back to an attack of influenza. Although the literature on this question 
is scant, I believe that cases of mediastinal infection due to suppurating 
mediastinal lymph nodes, during and following the great epidemics of 
influenza, must have been of relatively frequent occurrence. This seems 
to be borne out by the observations of Dunham.^® On examining the 

11. Schaldemose, V.: Et tilfaelde af bronchialglandeltuberkulose med per-, 
foration, lielbredet ved tracheotomi, Hospitalstid. 14:22, 1902. 

12. Schmiegelow, E. : Bidrag til bronchialglandeltuberculosens pathologi, Hos- 
pitalstid. 61:5, 1918. 

13. Dunham, E. K. : Infection in the Mediastinum in Fulminating Cases of 
Empyema, Surg. Gynec. Obst. 25:288 (Sept.) 1922. 



Fig. 11 (case 4). — ^Atelectasis of upper right lobe. 
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' ■ What pait infected tracheobronchial or bronchopulmonary lymph 
nodes compressing a bronchus play in the etiology of bronchiectasis, and 
what part they play in the etiology of lung abscess,- is well worth serious 
consideration; 

In cases 7, 8 and 9 diaphragm was affected. In each case, it was 
due to infected lymph nodes giving rise to acute nonsuppurative medi- 
astinitis, wl-iich involved the left phrenic nerve. In an article published 
in 1922,^* I clas’sified cases of this condition of the diaphragm as congenital 
and acquired cases, subdividing the latter into acute and chronic, and I 
suggested the name “insufficiency” of the diaphragm instead of the 
name “everitration.”- Insufficiency means incapacity for normal action, 
while the name eventration of the diaphragm has no reference to the 
condition of the diaphragm itself. In case 9, I saw the left side of the 
diaphragm in the normal state, in the acute stage of insufficiency and 
in its return to normal. In case 7, I saw the diaphragm when normal, 
and also in the acute stage, but it had not returned to normal when 
observed five years later. In case 8, the insufficiency was chronic. 

Under the name anterior mediastinodiaphragmatic lymph nodes, 
Bartels ® describes the lymph npdes situated where the phrenic nerve 
enters the diaphragm and a group of nodes near the inferior vena cava. 
These nodes receive lymph vessels from the liver and the diaphragm. 

Case 9. — A man, aged 38, had been doing well after a posterior gastro- 
enterostomy for duodenal ulcer and an appendectomy, until the eighth day after 
the operation, when he felt nauseated and had an emesis. On the ninth day, hiccup 
developed and continued for three days, at times severe. The nausea and the 
vomiting ceased three days later. The patient was discharged on the nineteenth 
day after the operation. The temperature at no time exceeded 100 F. On 
fluoroscopic examination, the left side of the diaphragm was seen at a higher 
level than the right (fig. 22), and on expiration it reached the third interspace. 
This condition of the diaphragm lasted several weeks ; it gradually came down to 
the normal level in about eight weeks after the onset. Roentgenograms taken 
before the operation showed a normal diaphragm. 

Subdiaphragmatic infection occasionally follows abdominal opera- 
tions, especially operations on the vermiform appendix. As tlie anterior 
mediastinodiaphragmatic lymph nodes receive lymph from the liver and 
the diaphragm and are close to the phrenic nerve where this enters the 
diaphragm, an infection of these nodes with a localized acute nonsup- 
purative mediastinitis would involve the nerve and account for the 
condition of the left side of the diaphragm. There is, however, another 
avenue by which infection from the abdomen may enter lymph nodes in 
close contact with the phrenic nerve. Kuttner,^® in injecting the lymp 

14. Lerche, W. : Insufficiency (Eventration) of the Diaphragm, Surg. Gjnec. 
Obst. 34:224-229 (Feb.) 1922. 

15. Kuttner, H. : Die perforierenden Lymphgefasse des Zwerchfells und i irc 
pathologischc Bedeutung, Beitr. z. klin. Chir. 40:136, 1903. 



Fig. 14 (case 5). — ^Anteroposterior view: a, abscess cavity in posterior 
mediastinum: b, fistula to the esophagus; c. c. barium mixture in bronchi, and 
d, fistula to the right lung. 


I 



Fig. 15 (case 5). — Method of making applications to the mediastinal abscess 
cavity, a, through the esophagoscope. 




HERNIAS OF- THE MEDIASTINUM DURING THE 
. COURSE OF ARTIFICIAL PNEUMOTHORAX 

’ ’ t 

EDWARD N. PACKARD, M.D. 

SARANAC LAKE, N. Y. 


When air gains access to the pleural cavity a displacement of the 
mediastinum frequently takes place. This mobility of the mediastinum 
depends on the flexibrity of its tissues, the lack of pleural or pleuro- 

< ■ ■ * * * 'L 

pericardial adhesib'h's*;t£re. pressure created within the pleural space and 

mediastinum may 
only the lower portion 

(|y beplfeplaced. Besides these variations in the position of the 
.■.cjnun^^^-a protrusion of- the pneumothorax cavity through the 
astil|unf|tito the sound, or untreated, side, occasionally takes place, 
■ Q^ing a. culdesac, or hernia. The most frequent point for a 
;q^'' this .. nature to occur, is in the upper anterior part, of the 
astinum between the first and third ribs. Here the right pleura and 
'left pleura come in closest contact and are separated only by a 
„ :t amount of areola tissue ; the junction represents the weakest point 
the mediastinal barrier. The lower posterior part of the mediastinum 
between the fifth and the tenth dorsal vertebrae is another weak spot. 

The hernia may be small and protrude only slightly into the sound 
side, or so large as to form a distinct localized pneumothorax. 

The cases reported here illustrate the various types of mediastinal 
hernia. 


REPORT OF CASES 

Case 1. — H., a man, .aged 34, had had the right lung successfully collapsed 
by artificial pneumothorax in February, 1934. The mediastinum had been 
mobile. There had been no effusion and the clinical results had been excellent. 
The average refill had been 600 cc. every two weeks. The average pressure 
before refill had been — 6 — 3; after refill, 0 + 2. After one year of collapse 
therapy, the patient had complained of pain in the upper part of the left side of 
the chest and some shortness of breath shortly after the administration of gas- 

Examination showed dull tympany over the entire right side of the chest and 
extending 1 inch (2.S cm.) beyond the left margin of the sternum in the region o 
the second rib. The area was devoid of breath sounds. The left border of this 
zone was defined by the exaggerated respiratory sounds of the left lung. On 
fluoroscopic examination, a high light was seen extending about 2 inches (5 cm.) 
beyond the left border of the sternum, its clearly defined edge describing an arc 
from the first to the third rib. On deep inspiration, the high light moved toward 
the pneumothorax side and became lost in the shadow of the mediastinum, only 
to reappear on expiration. This to-and-fro movement of the hernia during 
respiration is a startling fluoroscopic picture. 
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Case 6. — A man, aged 72, had been in good health until six weeks before 
consultation, when a piece of meat had become impacted in the lower -part of 
the esophagus. The meat finally had been regurgitated, but since the Uccident the 
patient had had pronounced dysphagia and a great deal of ^ -pain in the lower 
part of the left side of the chest, radiating to the back, with hiccup and nausea, 
but no vomiting. 

Through the esophagoscope, I saw a small ulcerating growth in the lower 
third of the esophagus, posteriorly to the right, with .an opening in the center 
from which pus exuded. Biopsy showed adenocarcinoma. A roentgenogram 
(fig. 16) showed a cavity in the posterior mediastinum communicating with the 
esophagus. These observations were corroborated by necropsy. The presence of 



Fig. 17 (case 7). — High position of left side of diaphragm. 


the meat probably favored infection that was carried to the lymph nodes in the 
posterior mediastinum; an abscess formed and broke through the center of the 
small carcinoma in the esophageal wall. 

The preaortic lymph nodes are situated on the anterior surface of 
the aortic arch. 

Case 7. — A girl, aged 16 years, had had a cough for two weeks when seen 
in May, 1920. There was a friction rub over the pleura on the left. The chest 
was examined fluoroscopically, and the diaphragm was seen functioning normally. 
In March, 1921, she had repeated attacks of hiccup and pain behind the upper 
part of the sternum. She also complained of a choking sensation and fulness 
after taking even small amounts of food. On fluoroscopic examination, the left 
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refill had beeri —7-3; after refill, -3-1 In March 1Q?4 
developed a- pleural effusion. It was ushered 'in with « 
the right -side of the chest fever vomitino- a J®*"® ®y™Ptoms, pains in 

6(W cc. fluid ;iZaZ ““ “-d. IS, 

On entrance, the pres.st.-e above the level of the fluid was + 1 to Aff 
paracentesis and replace..-, t with air, the pressure was left It ~ 5 t o T 
weeks later, -'a- roentgepcgram of the chest showed a fairly well collapsed rilt 
luug.and the tped,a 5 tn.uu, moderately displaced; between the first al!d fifth rt 




Fig. 2 (case !)• ^ Outline of hernia not seen, during full inspiration. The 
mediastinum and the collapsed lung should be noted in comparison 

with figure 1. 

a well defined hernia bulged into the left side of the chest in front of the heart and 
level was seen at the fifth rib on the right and extended over into 

the hernial sac. 

physical si^s usually elicited over a pneumothorax extended across the 

sotmH ™ ° the chest over the zone of the hernia. Succussion 

sounds were heard in the normal cardiac area. 

uncomfntf existed, the patient had marked dyspnea, a rapid pulse, 

radiatimr ^ ^nsations and pain beneath the lower part of the sternum 

e o the back. By the occasional aspiration of fluid and replacement with 
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Fluoroscopic examination showed that the upper limit of the left side of the 
diaphragm was on a level with the third interspace, the fundus of the stomach 
was distended by an enormous gas bubble, and the heart was displaced to the 
right (fig. 19). When the patient swallowed the barium mixture, part of the 
latter was seen flowing into the bronchi on both sides. '.This phenomenon, was 
due to an esophagotracheal fistula (fig. 20). The fistula was found to be 19 cm. 
from the incisor teeth, as measured in bronchoscopy and esophagoscopy. I 
believe that in this case the insufficiency of the left side of the diaphragm, the 
so-called eventration, was acquired and due to degenerrtion of the left phrenic 
nerve following inflammation of the nerve by exteiiEi-.u' from infected lymph 



Fig. 19 (case 8). — Left side of diaphragm, o. and barium mixture in bronchi, ft, 6. 


nodes, probably the preaortic group. The esophagotracheal fistula was caused 
by suppurating tracheal lymph nodes ulcerating through the walls of the esophagus 
and trachea, the abscess rupturing during the violent coughing spell. 

I made a phrenoplication of the left side of the diaphragm (fig. 21), whicli 
relieved the patient of her dj'Spnca and gastric symptoms; for a while she 
coughed less. In time, the cough became more troublesome, and I attribute this 
to the fact that the fistula on the esophagus side, which originally had two open- 
ings, separated by a narrow strip of esophageal mucosa, became converted into 
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right, the fluid ran from the hernia into the pneumothorax side, the neck 
of the sac being in front of the great vessels of the heart. My case 2 
was like von Muralt’s, but the hernia and the exudate did not attain such 
large proportions. 

Kellner ® describes a case in which at necropsy two large culdesacs 
of. a left-sided pneumothorax were found bulging in front of the heart 
into the right side of the chest. An exudate was present. It was 



Fig. 4 (case 3). — Large hernia of the anterior part of the mediastinum. 


thought that the hernia was the cause of death — by embarrassing the 
heart action and limiting the function of the sound lung. My case 3 
was somewhat similar, the patient had cardiac and respiratory distress 
but escaped death. 

Eggers ■* has recently reported a case of pyopneumothorax which 
pushed through the anterior mediastinum to form an enormous hernia 


3. Kellner: Beitr. z. Klin. d. Tuberk. 54:405, 1923. 

4. Eggers, Carl : Lung Abscess Complicated and Hidden by Emp 3 'ema, 
Arcli.-Surg. 12:338 (Jan.) 1926. 
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the stomach, liver, omentum, coils of the intestines and the anterior, abdominal 
wall. • A gastro-enterostomy gave no relief. 

Necropsy was performed by Prof. E. T. Bell. Except for the adhesions 
mentioned, no lesion of the abdominal organs was found. . The diaphragm reaphod 
the fourth rib on the right and the fifth rib on^tbe left. The .left., pleural cavity 
was obliterated by adhesions. The trachcobronc|j;a! and. other .mediastinal ijinph 
nodes were markedly enlarged on the left side, but pormal on the right. There 
were adhesions in the upper part of the mediastinum, fherq was no gross evidence 
of tuberculosis of the lungs, but there was bronchief-tasj&.of the lo\v,:r Ipft lof)e.. 
The esophagotracheal fistula was oval and measured 10 by 6 mm. The c.xten- 
sive adhesions in the right upper abdominal quadrant, in the absence of organic 
lesions or surgical intervention in this region and with the symptoms coming on 



Fig. 21 (case 8). — Phrenoplication. 


after the attack of influenza, may be ascribed to infection after influenza. The 
diaphragm was removed in its entirety. On gross inspection, no trace of the 
phrenoplication was seen. The left side of the diaphragm had held its place 
since the operation, and the patient thereby had been relieved of distressing 
symptoms. 

Dalziel reported a case of a large abscess from tuberculous lymph 
nodes under the arch of the aorta in whicli he had successfully operated, 
and he refers to two similar cases of his in which operation was per- 
formed with satisfactory results. These abscesses probably originated 
in the preaortic in the tracheobronchial lymph nodes on the left. 

10. Dalziel, T. K. : Tuberculous Glands in the -Anterior Mediastinum; 
Operation, J. Laryngol. Rhinol. 5: Ofol., 1915, p. 83. 
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, 4. The average, -age of the patients was 23 years, youth favoring a- 
flexible mediastinum, , 

5. Pressures in the earlier reported cases were, high (-}-8 +14) 
but .in the later cases never above + 1 or + 2. 

6. Refills (when reported) were large, between 500 and 1,000 cc. at 
intervals of from ten days to two weeks. 

7. An effusion was present in thirteen cases. 



Fig. 6. — Large hernia of anterior part of mediastinum in a case of spontaneous 
pneumothorax complicating artificial pneumothorax. The position of the heart 
and the bronchus behind the hernia should be noted. 

8. Dyspnea was the chief symptom produced by the hernia. A few 
complained of slight pains in the region of the hernia. In the four 
cases in which the hernia bulged in front of the heart and an effusion 
was present, there was marked cardiac and respiratory distress, followed 
by death in one instance. 

9. In the cases so reported, when the hernia was once “reduced, it 
did not reappear again, and the symptoms 'were ameliorated. 
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records of 3,889 cases of nontraumatic empv^ma iii the -Uriltcd States 
Army, he found that sixty-seven cases of *3911 ’ mediastinal infection had 
been noted in 531 necropsies. Many of tfes'.; •' AVero associated with 
postinfluenzal and postmeasles empyema'; ‘li., .' jhe examination of the 
mediastinal lymph nodes apparently had not bee made, but. he mentions 
one case thus examined and in that strepfOV 'Cus was demonstrated. 


i 








Nw', 


Fig, 23 (case 9). — ^Lyniph nodes, c c. on the left phrenic and vagus nerves 
and the aorta. 

Dunham also mentions a case of empyema on the right with purulent 
pericarditis, the latter secondary to mediastinitis. .At the traclieal 
bifurcation was a mass of glands about the size of two fists, from which 
a tract led to the pericardium, which held a quart (946 cc.) of pus. 
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ably sufficient to break the medaistinal barrier, and a hernia results. I 
doubt if a hernia could be produced in the presence of a small pneu- 
mothorax. . 

Why the hernia expands and contracts may be explained as follows : 
If the chest wall and diaphragm undergo reasonably full respiratory 
excursions and if the '.'ollapsed lung varies but little in volume, then 
something -must “give” for the reason that the volume of the pneumo- 
thorax is constant and is 'not subject to variations through passage of air 
by way of the .trachea. 'Therefore, during expiration the mediastinum 
moves over as the diaphragm rises, and the chest wall falls in and the 
hernia bulges into the sound side. On inspiration, the reverse takes 
place, and the hernia is sucked back as the diaphragm sinks and the 
chest 'wall opens. 

Graham and Bell,® in their experiments on the dog, showed that when 
an openitig was made through the chest wall which permitted less air 
to enter the pleural cavity during inspiration than entered the lungs by 
way -of the trachea, the animal was able to compensate for the loss of 
lung volume produced by the pneumothorax by deeper respiratory 
excursions, and the lung on the affected side was seen to expand and 
contract. When, however, a large opening was made, during the few 
minutes the animal remained alive, the mediastinum was seen to flap 
from side to side with each inspiratory and expiratory movement, and 
it sometimes happened that with a severe expiratory effort the anterior 
part of the mediastinum was ruptured so that a double pneumothorax 
occurred. In patients with a mediastinal hernia, a somewhat analogous 
condition is present. The pneumothorax, of course, is a closed one, but 
the air volume within the pleural cavity is large, and the patients by 
their dyspnea show a failure to compensate fully for loss of lung 
volume ; in three instances reported in the literature, there was a rupture 
of the mediastinum and the production of a double pneumothorax. 

The factors causing a mediastinal hernia are, fortunately, not fre- 
quently found in' perfect combination. In the majority of patients 
undergoing therapeutic collapse, the mediastinum is rigid;, or the lung 
is adherent at various places ; or the diaphragm and chest wall on the 
pneumothorax side are practically immobile, or, if movement does take 
place, it is compensated for by variations in the volume of the collapsed 
lung during respiration. 

Of what clinical significance are these hernias? The majority of 
patients exhibiting a small or medium sized hernia complain only of 
slight chest pains and moderate shortness of breath. As mentioned m 
the foregoing, the large hernias may cause distressing symptoms or 
even death. 


6. Graham, E. A., and Bell, R. D.: Am. J. M. Sc. 156:839 (Dec.) 1918. 
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vessels of the falciform ligament of the liver in a cadaver, found that 
although some of the vessels ended in the supraclavicular lympli nodes, 
the majority turned into the mediastinum at the level of the first rib. 
and after passing through a lymph node lying on the phrenic nerve 
crossed the triangular space between the latter the left vagus, where 
they ended in a large lymph node on the aorta and the anterior 
aspect of the vagus (fig. 23 c, c). An inflammation of .these nodes 
might give rise to an acute nonsuppurative mediastinitis affecting the 
phrenic nerve. Although the latter route of the infection from the 
abdomen by way of the subdiaphragmatic space is possible, I believe 
that the infection of the phrenic nerve in this case took place .through 
the anterior mediastinodiaphragmatic nodes. -• . • 


CONCLUSIONS 

1. There is considerable discrepancy in the anatomic literature in 
regard to the topography, the number and the nomenclature of the 
mediastinal lymph nodes. 

2. The mediastinum seems remarkably tolerant to infection. 

3. The bronchoscope and the esophagoscope are of great aid to the 
thoracic surgeon in diagnosis as well as treatment; in the diagnosis of 
suppuration in the tracheobronchial spaces referred to in the forcgoiiig 
they are indispensable. 

4. I believe that the future specialist in thoracic surgc-ry will find it 
necessary to be an expert in bronchoscopy and esophagoscopy. 


ABSTRACT OF DISCUSSION 

Dr. Edward W, Archibald, Montreal: The reports made by Dr. Lcrcbc in 
the last two or three years indicate that he is qualified to teach precision in rlmfr* 
nosis of obscure conditions in the mediastinum and their anatomic sitiwtioiJ. .Some 
years ago when I had a case of this kind, I was confused, and I found thft every 
one else was as confused about mediastinal infections and abscess ns ^ 
had one case, which I think I mentioned when Dr. Lerche read his in't 
the subject, in which the communication made by the breakinp 
abscess was betraj'cd by a gas bubble rising above the ',1 ’ o,, i •’ 

was caused by the abscess in the neck. This abscess was “U e Juf 
both sides of the neck. 



EVENTRATION OF THE DIAPHRAGM 

DIAGNOSIS AND TREATMENT, WITH A REPORT OF FOUR CASES 
FREDERICK T. LORD, M.D. 

BOSTON 

Eventration of the diaphragm is a rare anomaly of obscure origin 
characterized by the permanent high position of one leaflet of the 
diaphragm and the displacement into the thorax of the abdominal viscera 
on the affected side. 

Bamberger ^ in 1913 compiled thirty-one cases. Bayne- Jones - 
gathered forty-four from the literature and added one 'of his own. 
Korns ® critically reviewed the reported cases and regarded twenty-two 
as proved and forty-three as probable, giving a total of sixty-five certain 
or probable cases to 1921. A number of cases have since been reported. 
Four have come under observation at the Massachusetts General Hos-- 
pital in the course of 16,504 roentgen-ray examinations of the chest. 

IMPORTANCE OF EVENTRATION 

The number of patients with eventration of the diaphragm likely to 
come under the observation of any one person is' small. Recognition 
of the existence of such a group of cases is important, however, to 
prevent confusion with other intrathoracic conditions. Without the 
assistance of the roentgen ray, eventration of the diaphi'agm has been 
mistaken for pleural effusion, and exploratory thoracentesis and thora- 
cotomy have been performed. The anomaly is chiefly of importance, 
however, on account of the readiness with which it may be confused 
with diaphragmatic hernia, and differentiation between these two condi- 
tions may be impossible even after resort to all available safe methods of 
investigation, short of exploratory laparotomy. 

Eventration of the diaphragm is important also from an entirely 
different point of view. Within the last few years there has been an 
increasing tendency to resort to phrenicotomy in the treatment of pul- 
monary tuberculosis, for the purpose of supplementing the usual 
hygienic-dietetic regimen or as a preliminary to a more radical surgi^l 
procedure. Unilateral phrenic paralysis produced by the surgeon dis- 
places thoracic and abdominal organs as in the anomaly with which we 

1. Bamberger: Ergebn. d. inn. Med. u. Kinderh. 12:327, 1913. 

2. Bayne-Jones, S, : Eventration, Arch. Int. Med. 17:221 (Feb.) 1916. 

3. Korns, H. M. : Diagnosis of “Eventration” of Diaphragm, Arch. Int 
Med. 28:192 (Aug.) 1921. 
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The discoverj' of the hernia led to a reduction in the amount of gas arimin- 
istered, and as a consequence the hernia gradually disappeared. The vesicular 
murmur of the sound left lung is now heard to the midline of the sternum. 

Case 2. — X'., a man, aged 24, had had the right lung well collapsed by artificial 
pneumothorax in April, 1923. The mediastinum had been mobile. The avcrace 
refill had been 700 cc. every three weeks. The pressure before refill had been 
— 6 — 4; after refill, — 3 — 1. In Januarj*, 1924, he had developed a slight 
pleural effusion without local or constitutional symptoms. In February, 1924, a 





Fig. 1 (case I). — Small hernia of the mediastinum during forced e.\piration. 
Comparison should be made with figure 2, 

mediastinal hernia was first noted between the first and the third ribs, and at 
this time shortness of breath occurred. The hernia was larger than the one 
observed in the previous case, and contained a small amount of fluid. This 
liernia siiowed a to-and-fro movement but did not entirely disappear at the licight 
of inspiration. With a reduction in the amount of gas aflministercd, ti:e 
dyspnea was relieved and the hernia soon disappeared. 

Case 3.— H., a man, aged 29, had had the rigb.t lung collapsed by Csriificia! 
pneumothorax in October, 1923. The mediastinum had been mobile. Tt;e 
average refill had been 700 cc. every two or three weeks. The pressure before 
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'the middle of the right side of the chest in front, lasting from fifteen to 
Itlhirty, minutes. The pain radiated to the upper part of the right side of the chest 
and- forearm.- . It came v.dthout warning, usually in the late morning, was 
u^Jrelated tr ' -Hon and was increased by a long breath. He was short of ' 

breath dur; e attacks. In addition, for the last four years he had had 

a constant . v ig pain across the front of the chest, aggravated by taking a 
long breath arid rt d bj .lying down. During the more severe attacks of pain, 
he had a dr/ cough, -j.-dch subsided after a few hours rest in bed. Ordinaril}- 
there were no .gastro-' testinal symptoms, but during periods of more severe 
thoracic pain he' was unable to eat on account of distress in ‘the left hypo- 

chondrium. He felt this about half an hour after eating, and it lasted for 

from one to two hours. Ten years before examination, for a period of three days 
he had had • abdominal pain, distention, nausea and vomiting, with no bowel 
movement during, this time. There had been no fecal vomiting. He was mucli 
incapacitated foi work and spent an average of perhaps .from ten to twelve days 
in bed each, month. ’ - • 

The patient was well developed and nourished. The chest was symmetrical, 
and expansion o£ the two sides was equal. The left side was dull in front below 
the fifth ‘rib, and behind from a short distance below the angle of .the scapula to 
the base. There was no tympany. The breathing was much diminished, without 
bronchial quality, voice sounds were diminished and without egophonic quality, 
and the- tactile fremitus was absent over the dull area. There was no succussion 
splash. •• 

Roentgen-ray examination showed the dome of the left side of the 
disphrag'm of unbroken contour opposite the anterior portion of the third rib. 
With forced inspiration there was slight reversed .excursion. The right side 
of the diaphragm was normal. * The heart and mediastinal contents were dis- 
placed toward the right Barium was seen to pass through the esophagus in the 
usual manner,' and showed the stomach lying below the ' diaphragm. 

The sudden onset of symptoms after, sneezing twenty years before 
and their character in the succeeding years suggested diaphragmatic 
hernia rather than eventration. The roentgen-ray report, however, was 
consistent with eventyatiqn. 


Case 2.— M. A. J., a married woman, aged 55, seen Aug. 23, 1926, for the 
last three 'years .had been short of breath and unable to climb more 
than four stairs without dyspnea. She'was unable to lie on the right side without 
dyspnea, but could lie comfortably on the back 'and left side. There had been 
slight wheezing with exertion and on lying down for two years. She had la 
a cough for three years, daily raising about one-half teaspoonful of white 
sputum without blood. 

For three years there had been attacks of nonradiating, dull, aching pa>® 
to the right of the midline in the epigastrium, lasting from one to two 
and recurring about once daily, usually at night on lying down. This pain i 
been severe enough to double her up and make her groan, but not to keep « 
awake. The appetite had been poor. Nausea had been troublesome at varying 
intervals for five months. There had been no vomiting and no distress a e 
eating. The bowels moved daily. She was not especially troubled by gas. 

For the last five months she had had “dizzy, sinking” spells once or. twice 
a day, lasting for about half an hour. She slept poorly and passed urine from 
two to three times at night. The maximum weight was now 143 poun s 
(64.9 Kg.) ; .her height was 5 feet, 3 inches. 



PACKARD— HERNIAS OF MEDIASTINUM 


M' 

small amounts of air, the symptoms were gradually amelior<fed. ‘In August. 
1924, roentgen-ray examination showed that the mediastinum octupicd its normal 
position and that the hernia had entirely disappeared. It is- imereslirtg that in 
this case the pleural pressures were ne\'er found ab;v.’: -f 3. Usually, they were 
less than zero. n • . 


Brauer ^ reports a case in which the hernia involved the lower poste- 
rior part of the mediastinum. The pneumothorax was oh the right side. 



Fig. 3 (case 2). — Medium sized mediastinal hernia containing small amount 
of fluid. 


the culdesac to the left. The fluid level of an effttsion crossed in front 
of the spinal column. This hernia is the only one I have fouttd re{>ortcd 
that occurred at this site. 

Brauer and Spenglcr= report a case of von MuraltV of a large, 
pouchlike hernia containing fluid. When the patient wa.s tipped to the 

1. Brauer; HaudbucU der Tuberralose, cd. 3. vol. 2, p. 4S9. 

2, Brauer and Spenglcr: Bcitr. z. Klin. d. Tuberk. 19:1, 1911. 
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On au..cultation the breath sounds were much diminished (not bronchial) over 
the upper half and absent over the lower half of all parts of the dull area in 
the left sidi of the chest. Gurgling sounds resembling those due to intestinal 
. peristalsis were heard below' the left third rib in front and the midscapula behind. 
No rales were heard. The voice sounds were diminished over the upper and 
, absent over die lower half of the dull area. No egophony was. heard, no 
\vhi.sper throughout, and no succussion splash. Tactile fremitus was absent 
throiughoul the- dull area. 

■■ The cardiac impulse was not seen or felt. The heart sounds were regular and 
of good quality. No murmurs were heard. The cardiac sounds were louder to 


the'.Mgltt-lli'an to the left of the sternum. By percussion the right border of the 
h<;ar£..was-^ii;e)\n'nger breadth inside the right nipple line. 

VEjcaijifiT^id^: ^f" the right lung was negative throughout. 

, examination showed the dome of the diaphragm to be on the 

left'si^df;^<:^pi&site.i.^he third rib in front. Its outline was smooth. Respiratory 
m&tipn'^\v%'''tib1‘'^al, but somewhat limited in amplitude. The heart and 
media'gtinil^^ha«j^- were displaced to .the right. There were no movements of 
the;ihfeSia^iiiHn*^y1th respiration. Below "the diaphragm shadow the gas filled 
fundu?.;ic^f-'H’b‘eJ^tomach was seen, after the administration of barium by mouth. 
Externa^ii :to;^»tms was the shadow of the colon, identified by barium enema. 
There jvas .no evidence of dilatation of the colon. The splenic flexure was seen 
lying 'along, the greater curvature of the stomach and in .contact with the elevated 


diaphragm. The lumen of the bowel was normal throughout. 


■ The symptoms and the results of physical and roentgen-ray examina- 
tions were consistent with eventration of the diaphragm. The exag- 
gerated inspiratory excursion of the left side and the exaggerated 
inspiratory divergence of the left costal margin were noteworthy and 
of probable diagnostic significance. 

In the two following. cases the symptoms were insignificant: 


Case 3. — F, D., a barber, aged 33," married, who was seen Aug. 30, 1926, had 
visited the Massachusetts General Hospital at intervals during the years 

ending three years before. He had complained of fatigue and a sense of wea 
ness in the left side of the back,” gastric flatus, rumbling noises in the left side 
of the upper part of the abdomen and in the left side of the lower part of t e 
chest in front, constipation and vague pains in the left upper quadrant of t e 
abdomen, associated with gas and relieved by belching and passage of gas } 
rectum and bj' defecation. Fatigue at his work as an edge trimmer in a s oe 
factory appears to have been a factor in his symptoms,- which would disappear 
when he stopped work. There had been no other significant symptoms and no 
complaints for the last three years. There had been no dyspnea, cough, wheezing 


or pain in the chest. 

On examination the patient was found to be well developed and well nouns le 
The chest was symmetrical. The circumference of the left half of the chest was 
39 cm. ; of the right, 38.5 cm. With the patient on his back, the inspirator} 
expansion of the two sides of the chest as a whole was the same, but there vas 
an exaggerated divergence of the left costal margin from the median line in 
the epigastrium with consequent greater widening of the left than of the ng 
side of the subcostal angle. There vvas inspiratory retraction of the epigastrium. 
On percussion, the left side of the front of the chest was dull below the secon 
rib and the left side of the back w'as dull below the spine of the scapula. Tic 
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in the left side of the chest. A roentgenogram of the patient taken in 
the erect position, but inclined to the right, showed the fluid level running 
across the entire thorax. 

SUMMxVRY OF REPORTED CASES 

A review of the thirty-nine cases of mediastinal hernia, including 
nine of my own, reported in the literature shows ; 



Fig. 5 (c.ise 3). — Posterior view, showing exaggerated appearance of hernial sac. 

1. That in only one instance was the lower i)art of the mediastinum 
involved posteriorh', the rest being involved anteriorly — thirty-ffutr 
between the first and third ribs, and four l)etween the fir.>;t and fifth rii)s. 

2. In twenty-four cases, the ])ncumothornx was left-si<led. the herni.a 
being to the right; in fifteen, the pneumothnrax was on the right ."ide 
and the hernia to the left. 

3. In all cases, the mediastinum was disjdaced to a greater or Ic-s 
degree. 
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by iipward' displacement or if its musculature is impaired, the pull of 
the' intercostal miiscles is accentuated. 

There are few case', in the literature in which sufficient attention has 
been paid to respiratory motion in the presence of eventration of the 
diaphragm' to test the diagnostic value of Hoover’s observations. The 
reports by Fuhk,“ Korns ® and Reifenstein,'^ however, support Hoover’s ■ 
contention and indicate that important evidence may be obtained by 
simple insiDectidn 'bf the' chest. In a case with eventration of the left 
side of the diaphfa'gm, Fimk found distinct inspiratory widening of the 
subcostal angle' dUe principally to a greater divergence of the left costal 
border. • Korns, ’iii’ a- case of right-sided eventration, noted marked 
diminution in the' undulatory movement of the right upper five ribs. and 
distinct impairment in the excursion of the arches of the lower seven 
ribs; with the patient recumbent, there was an inspiratory divergence 
from the median line of the entire right costal margin from the xiphoid 
to the posterior axillary line in excess of that on the left side. In 
Reifenstein’s case, with left-sided eventration the upper and lower 
costal margins on the left side moved outward more than on the right. 
As already noted in the report of the cases I have seen, the respiratory 
movements in two (cases 2 and 3) were similar to those to be expected 
from Hoover’s observations and like those seen in the cases reported by 
the authors just mentioned. In the other two cases, no observations were 
made on this matter. From the evidence presented by these five cases, 
Hoover’s signs would seem to be of importance in the diagnosis of 
eventration of the diaphragm. 

Hoover® attributes even greater importance to' the signs just men- 
tioned than these cases would indicate. In comment on Funk’s ® article, 
he stated that the observation of increased movement of the costal margin 
on the affected side would be of service in the differentiation between 
hernia and eventration, and that in hernia the movement of the costa 
margin was not modified. This difference in the behavior of the dia- 
phragm in the presence of hernia is explained by Korns ® on the groun 
that in this condition the diaphragm is not aplastic and in a high position, 
but has intact muscles and an approximately normal position. From t e 
physical signs Hoover was able to make the diagnosis of hernia of t ^ 
left side of the diaphragm in Korns’ second case, in which, y 
fluoroscopic examination the stomach was seen to lie almost entire y m 
the left pleural cavity. 

These observations are of great importance in view of the difficulty 
of distinguishing between diaphragmatic eventration and hernia ly 

6. Funk and Manges : M. Rec. 98 :289, 1920. 

7. Reifenstein, E. C.: Am. J. M. Sc. 169:668 (May) 1925. 

8. Hoover, C. F. : Tr. A. Am. Phys., 1920, vol. 35. 
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Fluoroscopically, the view of a niedia<tinal herind is startling, ffr 
one sees a high light with a dark, curving border expand and contract, as 
it were, with each respiratory excursion ; on ceep inspiration, it nterges 
with the dense shadows of the mediastinun:.>an<l on expiration it pru- 
trudes into the sound side. During the expiratory phase, the mcfliasti- 
num also swings to the health)’ side with elevation of the diaphragm. 
The hernia may be seen more clearly if the patient is rotated slightly, 
so that an oblique view of it may be obtained. If the ])aticnl is 
examined fluoroscopically from the back, the hernia assumes larger pro- 
portions on the screen because of its location in the anterior part of the 
mediastinum. It is thus brought closer to the roentgciirray tube. 

The roentgenogram reveals the high light with a' curved border in 
front of the trachea and heart shadows. The exaggenateef appearance 
of the hernia when taken in the posterior view must be kept in mii’d. for 
it may be misinterpreted as a hernia of the posterior mcdiasiimiin. 

No doubt many small mediastinal hernias are missed in the roent- 
genogram because, as a rule, chest exposures are taken at full inspira- 
tion, at which moment these hernias are reduced to their minimum size. 
To obtain the best roentgenogram of a hernia, the exposure should be 
made at deep expiration. 

A mediastinal hernia may be mistaken for an intrapulmonarv cavity. 

Nitsch showed that there are two “weak .spots” in the mediastinum. 
The first or upper lies between the first and third ribs as tlie .site of the 
atrophied thymus. By creating a pneumothorax in the catlaver on one 
side of the chest, he could produce a hernia at this spot. The second, 
or lower, weak spot lies posteriorly between the fifth and the tenth 
dorsal spines. Sauerbrach has pointed out the rarity of hernias at thi.s 
place, and that when they do occur they are from right to left. Xitsch 
has shown schematically that a hernia at this site may bulge fr«im riglu 
to left between the aorta and the esophagus, but that when ])re.<sure is 
brought to bear on these structures from the left pleural cavity, the 
esophagus overlaps the aorta and thus makes an effectual barrier. 

COMMENT 

A large pneumothorax is a factor found in all i)atients wlu) have a 
mediastinal hernia. The mediastinum is di.splaced. atid the diajthragmatic 
leaf is low. The ])neumothorax assumes large pro]K>rtions becau-'V the 
nonrigid mediastinum offers little resistance to the intnuhiction of 
excessive amounts of air. The intrapleural ])ressures may alway.s be 
negative. It is this di.«piacement of the media.'Stinmn that .'■eems to 
“uncover” its weak spot, permitting the pneumothorax to ijudii through 
at an advantageous moment. The act of cougliing or straining is pn>b- 

5. Xitsch: Bcitr. 7 . Klin. <1. Tuberk. 18:1, 1*511, 
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in the literature, and this indicates that one might easily be led astray in 
the interpretation of tlie curves. Minkowski, ^ q{ eventration 
qf the diaphragm,- found on manometric determination of the intragastric 
pressure an inspiratory, fall with costal breathing and an inspiratory rise 
of pressure with abdominal breathing. Observations of the respiratory 
pressure i*elations in. the stomach herniated through the diaphragm are 
needed to determine the truth of the assumption that they are the reverse 
of those found in the -normally placed stomach before the merits of this 
procedure can be estimated. 

Roentgeh-i:ay examination is practically always necessary' to establish 
the diagnosis of eventration of the diaphragm or of diaphragmatic 
hernia. It is indispensible also, but cannot always be relied on, in the 
differentiation between eventration and hernia, 
t • In the presence of eventration, roentgen-ray examination shows the 
high position on one side of an unbroken arclied line resembling the 
dome of an elevated diaphragm, and below it toward the median line a 
shadow resembling that of the gas-filled fundus of the stomach. Exter- 
nal, to. this are shadows consistent witli those due to the colon. The 
identity of the stomach and colon may readily be established by roentgen- 
ray examination after administration of -barium by mouth and a barium 
enema. The heart and mediastinal shadow are likely to be displaced to 
the opposite side, usually the right side. 

A difficulty in the roentgen-ray examination is the identification of 
the arched line as the shadow of the elevated diaphragm. That it cannot 
always be so regarded is indicated by the observations in Lotze's case, 
in which on the left side a sharply arched line was seen reaching upward 
to the third rib. Lotze’s clinical diagnosis of relaxation of the diaphragm 
was disproved at necropsy, which showed a diaphragmatic hernia and 
the stomach, a large part of the transverse colon and the great omentum 
in the left pleural cavity. Although an unbroken arched line is essentia 
for the diagnosis of eventration, it cannot be regarded as a distinctive 
sign of this condition. 

The relation of the affected diaphragm to respiratory motion, 
immobility, normal or paradoxic movement has no diagnostic value m 
the differentiation of eventration from hernia. Respiratory excursion 
of the mediastinum was absent in case 2 reported here. In case 3, there 
was movement toward the affected side with inspiration and toward t e 
opposite side with expiration. - Otten and Schefold * made a simi ar 
observation in their case. Korns ® rejects this case from the category 
of eventration on the ground that the observation implies a greater nega 
tive intrapleural pressure on the left than on the right side, and he canno 


12. Minkowski : Berl. klin. Wchnschr. Si, 1917. 

13. Lotze: Deutsche med. Wchnschr. 40, 1906. 
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The danger of rupture of a mediastinal hernia is illustrated by the 
following case reported by Walsh : “ 

A man, aged 22, had had a riglit-sidcd collapse, beginning May 11. From 
then until July 14, he received 6,300 cc. of air, or an average of 500 cc. ever)- 
five days. One month later he died. The clinical diagnosis at death was ridit- 
sided artificial pneumothora.v and hydrothorax, and left- .ided spontaneous imcinno- 
thorax. Before the chest was opened, the manometer .showed a pressure of 
+ 2 on the right side and +8 on the left. Necropsy revealed f-GO cc. of serous 
effusion in the right pleural cavity; the liver border below the umliilicus. and 
the diaphragm at the si.xth rib on the right and the seventh rib on the left. TJie 
heart was displaced to the left. There was a pneumothorax bn the left side. 
The right lung was compressed to about one-fourth its normal .rirc.' He stated 
that the right parietal pleura was distended over the left lung to tlic anterior 
axillary line to a point just above the horizontal mammary line, gradually 
receding above and below. He gave the cause of death as artificial pncumotiiorax 
on the right, which, extending across the mediastinum at tlic second rib into the 
left chest, ruptured into the left pleural cavity and produced a left pneumothorax. 

The factors that I mentioned as necessary for the production of a 
hernia are here illustrated : an enormous artificial pneumotliora.x in 
which is found 900 cc. of fluid, a mobile mediastinum, a weak spot 
between the first and third ribs and a completely collapsed nonexjwn- 
sile lung. 

LeWald and Jones have each reported Ijilateral pneumothorax pro- 
duced by rupture through the anterior mediastinum. 

A mediastinal hernia shows that the pleura, in common with other 
serous membranes, is capable of great stretching. 

For the pneumothorax operator the discovery of a mediastinal hernia 
must indicate but one thing — ^the pneumothora.x is too large, 'i'he refills 
must be made smaller in amount and spaced farther apart. In this 
wa}' the hernia is reduced and the mediastinum is allowed to swing back 
to a more normal position. Once the hernia is reduced, it docs not tend 
to recur, and the artificial pneumothorax treatments may be continued 
with safety. 

COXCLUSIOXS 

A mobile mediastinum and a large pneumothorax .seem to make the 
“weak spot” in the upper anterior part of the mc<liasiinum more vul- 
nerable to the pushing through of a hernia. 

These hernias may be present when the pressure within tin- ptieumo- 
thorax cavity is negative. 

Large mediastitial hernias, or a rupture of the hernia, endanger life. 

Reduction of the volume of the pnenmnthonix causes the hernia to 
disappear. 


7. Wblsh, J. : Am. Rev, Tnl>erc. 9:3.'7 (June'i 1^24. 
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tion resembling; collapse. Immediate operation showed a perforation of 
the stomach with gangrene of the adjacent parts of the greater curvature. 
The possibility could -not be excluded that interference with the blood 
supply of the stomach by its displacement in consequence of the pneumo- 
peritoneum might have been responsible. 

The question of the use of pneumoperitoneum as a differential diag- 
nostic measure is likely to arise in a small group of cases in which the 
symptoms are more suggestive of hernia than of eventration, and are 
sufficiently severe to warrant a consideration of surgical intervention for 
relief. In view of the risks entailed by the production of pneumo- 
peritpqeuni.in ^uch cases, an exploratory laparotomy would seem a safer 
procedure, and if by this means a diaphragmatic hernia is found, its 
repair, if feasible, may at the same time be attempted. 

In cases in which hernia of the diaphragm can be excluded and the 
diagnosis of eventration established, fluoroscopic observation of the 
respiratory movements may afford evidence of value in determining the 
natiire of the underlying disturbance. In the cases reported by Felix,” 
after phrenicotomy and exeresis the movements of the affected side of 
the diaphragm when present were constantly paradoxic. Its motion 
under these circumstances is entirely passive, and elevation during inspi- 
ration is due to increased intra-abdominal pressure in consequence of 
the- descent of the unaffected half of the diaphragm. In view of these 
observations it may be suggested that when the respiratory motion of 
the eventrated diaphragm is paradoxic phrenic nerve paralysis as a 
cause may be suspected. Normal respiratory motion of the eventrated 
diaphragm implies an uninterrupted nerve supply and suggests a devel- 
opmental defect in the muscular tissue as a cause of the anomaly. 
Correlation between the fluoroscopic observations during life and post- 
mortem observations are desirable before any definite conclusions regard- 
ing this matter can be made. 

TREATMENT 

Therapeutic measures will usually be limited to advice to avoid 
strenuous exertion, to lose weight if the patient is overweight for age 
and height, and other recommendations suited to the individual 
Operative procedures are not ordinarily indicated, but in cases m w ic 
the symptoms are' troublesome or intolerable, surgical intervention may 
be considered. In Lerche’s case, with eventration and an esophago 
tracheal fistula there was cough, dyspnea, inability to He on the bac ’ 
or the right side without pain, and epigastric pain, distress and vomiting. 
Two plaits were taken in the diaphragm through an incision in the outer 
part of the left rectus muscle, with the addition of a cross incision in t e 

17. Felix, W. : Deutsche Ztschr. f. Chir. 171:283, 1922. 

IS. Lerche, W. : Surg. Gynec. Obst 34:224 (Feb.) 1922. 
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are here concerned. It should be appreciated that a majority of the 
patients with eventration suffer from more or less troublesome symp- 
toms. which may be ascribed to the displacement of important viscera, 
and before we proceed much further in the resort to phrenicotomy it 
would seem desirable to determine whether equally troublesome symp- 
toms arc also to be expected in this group to be operated on. 

The first two cases are noteworthy because of the severity of the 
symptoms. 



Fig. 1 (case 1). — Chest, showing the dome of the left side of the diaphragm 
opposite the anterior portion of the third rib ; the heart and mediastinal contents 
are displaced to the right. 


REPORT OF CASES 

Case 1 — X. Y. Z., a physician, aged 45, who was examined Aug. 25, 1922, had 
been less capable than others of physical exertion all his life, but from a sense 
of exhaustion rather than from dyspnea. For the last six years he had been 
short of breath. A malposition of the left side of the diaphragm had been 
discovered by fluoroscopy twenty years before examination. At that time after 
sneezing he had had violent pain in the left side of the neck lasting for six weeks. 
During this period he had been troubled by pain on swallowing and laryngeal 
spasm which made it difficult to breathe. For the following sixteen ye.nrs he 
had had from one to four similar attacks each year, lasting from one to two 
months. He then had discovered that he could stop these attacks by staying in 
bed. During the last four years, he had had twelve attacks of agonizing pain 
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observed cases of diaphragmatic hernia of extreme, grade, and cases of absence 
of one leaf of the diaphragm. I have also found many similar cases, without 
symptoms, reported in the literature, almost so that I think it is necessary to 
consider carefully just what the relation is between eventration of the diaphragm 
tod the symptoms of which the patient complains in a small series of cases. 


‘ Dr. John L. Yates, Milwaukee: I have observed the effects of induced palsy 
of the diaphragm over a period of approximately two years in more than a 
^hundred patients. Temporary paralysis was induced by crushing the phrenic 
r -irvd and such of the accessory branches as transmitted motor impulses in eighty- 
■ five patients. It is impossible to study the effects of this paralysis on the patient 
• before and after reactivation of the diaphragm. Eighteen radical operations 
were performed in which the nerve was extracted or resected when extraction was 
unwise. In none of these patients did there develop a • manifestation of any 
intra-abdominal functional disturbance that could be attributable to the paralysis. 
Those who recovered function of the diaphragm so far as we could tell, did 
not show any particular difference before and after. Paralysis of the diaphragm 
reduces vital capacity, restricts external respiration and impairs competence. 
Dyspnea on exertion is inevitable. Blocking the phrenic nerve lessens intra- 
thoracic distress. It is not likely, that the untoward manifestations of the patients 
- in the cases Dr. Lord reported were due to the eventration and not provoked 
by the high position of the diaphragm. 

; ■ Dr. William Lerche, St. Paul ; In a case of eventration of the diaphra^ 
in which I operated some years ago, the dyspnea and the gastric symptoms were 
pronounced. The patient was relieved after I plicated the diaphragm. In some 
■•cases the eventration gives rise to severe symptoms; in others there are no 
symptoms. The question suggested by Dr. Lord is a timely one: How do we 
know that such symptoms may not come on in cases in which eventration has 
been induced by the removal of part of the phrenic nerve? 

Dr. Leo Eloesser, San Francisco: There has been reason to suspect that 
some of these eventrations of the diaphragm are due to phrenic birth paralysis. 
•Has Dr. Lord done a faradization of the phrenic nerves in the neck and watched 
the patients on the screen? This procedure may give evidence of muscular 


fibers or their absence on the one side of the diaphragm. 

Dr. Willy Meyer, New York: The terms diaphragmatic hernia and diaphrag- 
matic eventration are defined and understood ; but here the term mediastinal hernia 
is used, a term accepted in the literature. Is it wise to call this bulging a hernia 
whereas, on the other hand, the speaker mentioned a rupture of the mediastinum 
to the other side? I think this nomenclature should be corrected. There is sti 


time to do so. Modern thoracic surgery began from eighteen to twenty yea’'® 
ago. I would suggest a differentiation by calling it, for instance, mediastina 
bulging toward the opposite side. It seems wrong to me to speak of a mediastina 


hernia in these cases. 

Dr. Edward S. Welles, Saranac Lake, N. Y. : I should like merely ® ^ 
my experience to that of Dr. Yates in regard to phrenicotomy. I have performe 
forty-nine or fifty, arid have had the same experience as he. So far I have a 
no evidence in any case of undue shortness of breath or any abdominal trou 
after the operation. I agree entirely with Dr. Yates as to his observations. 

Dr. Howard Lilienthal, New York: I-et me corroborate what Dr. W’ > 
Meyer has just said in regard to the so-called hernia of the inediastinum. t ’S 
not a true hernia but a displacement of part of the mediastinum. I would a so 
call attention to the impropriety of the descriptive title, eventration * 
diaphragm. “Venter” is the Latin for belly. That part of the cavity that is un er 
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The patient was well developed and slightly obese. There was slight'-cyahosfs- 
of the lips. The chest was symmetrical; the circumference of the left half Wa^' 
41 cm., of the right half, 42 cm. With the patient On her back, the' inspiratory 
excursion of the left side was greater than that of the right. exaggerated 

motion was noticeable throughout the left side of the chest inj -m the lOft 

clavicle to the costal margin. There was an exaggeratic.;' .nspifatory 

widening of the left side of the subcostal angle and tlie ^ margin with 

inspiratory retraction of the epigastrium. On percu.'-sir' ' .he left side was dull 



Fig. 2 (case 2). — Ch.est, shelving the dome of the left side of the diaphragm 
opposite the anterior portion of the third rib ; the heart and the mediastinal shadow 
are displaced to the right. 

below the third rib in front and the middle third of the scapula behind. The 
note was dull and tympanitic over and below the left breast. There was no 
tympany in the left axilla or back. The upper border of dulness behind was 
highest in the region of the scapula, and curved slightly downward from this 
point toward the spine and the axillary region. The left paravertebral region 
was less dull than other parts of the left side of the back. There 
was no Grocco’s triangle of dulness and no spinal dulness. The inspiratory 
excursion by percussion was 3 cm. in the right and 1 cm. in the left side of the 
back. The diaphragm shadow (Litten’s phenomenon) was absent on both sides. 
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NEW YORK 

The first case of congenital absence of the left half of the diaphragm, 
although reported by Harris and Clayton-Greene ^ in 1912, appears 
to have been overlooked since that time (figs. 1 and 2). Without doubt 
. many cases recorded as hernia of the diaphragm have really been cases 
of congenital absence of the left half of the diaphragm. Even roent- 
genologists have not recognized the true nature of these cases. Surgical 
operations have been undertaken under an erroneous diagnosis of hernia, 
and attempts to overcome the defect have failed. 

Attention is called to the fact that the diaphragm is not essential 
to life. One should never lose sight of the fact that complete absence 
of the diaphragm is normal in all animals below mammals.^ It is of 
interest that a bird such as the ostrich, which is noted for its strength and 
endurance, has no diaphragm. In one of the cases recorded here, it is 
to be noted that the patient was able to. enter into athletic contests and, 
among other events, was a successful entrant in a 5 mile relay race. 

On roentgen-ray examination the appearance may closely simulate 
eventration of the diaphragm (fig. 3). In cases of thoracic stomach 
(fig. 4), a misinterpretation is also possible. The differential diagnosis 
can be made only by the aid of direct lateral roentgenologic examination. 
In this position in the normal person, both the right and left leaves of the 
diaphragm can be seen throughout their entire extent ; hence, the absence 
of one leaf or a portion of it can be readily determined. In eventration 
of the diaphragm, no matter how thin or how high the outline of the 
diaphragm, it can be distinguished. 

The exact recognition of congenital absence of the left half o 
the diaphragm is extremely important from the surgical standpoint, as 
the condition does not lend itself readily to surgical repair. In a case 
reported by Clayton-Greene, total absence of the left half of the dia- 

1. Harris, W., and Clayton-Greene, W.: Congenital Absence of the Lett 
Half of the Diaphragm, Simulating Pneumothorax, Proc. Royal Soc. Meo-i 
1911-1912, p. 153. 

2. Colton, B. P. : Zoology, Boston, D. C. Heath & Co., 1909, p. 283. 



LORD— EVENTRATION OF DIAPHRAGM 


321 


note was dull and tympanitic throughout the left front nf the ;ciiOst and axilla as 
far as the postaxillary line. Posteriorly, the upper limit of dulness. was over 
the scapula and curved thence downward toward the spine and postero-axillarj' 
region. The left paravertebral region was less dull than other parts, of .the left 
side of the back. There was no Grocco’s triangle and no spinal dulness, • The' 
inspiratory excursion was 3 cm. on the right and 1 cm. on the -left. .The:- 
diaphragm shadow was 3 cm. in amplitude in the right axilla and ■was.jnottseeb. 
on the left side. On auscultation, the breath sounds were present but dimiiiished- 
throughout the left side. No bronchial breathing was heard. . Gurgling., sounds 



Fig. 3 (case 3). — Chest, showing the dome of the left side of the diaphragm 
opposite the anterior portion of the first rib. 


resembling those due to intestinal peristalsis were heard below the left clavicle, 
throughout the left axilla and as high as the spine of the left scapula behind. 
The voice and whisper were normal throughout the left side. No egophony, 
succussion splash or rales were heard. Tactile fremitus was diminished but not 
absent throughout the left side below the second rib in front and the spine 
of the scapula behind. 

The cardiac impulse was felt in the fifth left interspace at the nipple line. 
The heart sounds were regular and of good quality. No murmurs were heard. 
The rate was 72. 
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phragm was found following an operation for supposed diaphragmatic 
hernia. The operator found it impossible to bridge the defect in the 
diaphragm and accomplished nothing by the operative procedure. Had 
the case been carefully studied roentgenologically, the correct diagnosis 
could have been arrived, at and the dangerous operative procedure 
avoided. A report of this case follows : 

A woman, aged 31, S feet,- 10 inches tall, strongly built and heavy, had been 
;r.avri',d five years, and had two children. Five years previously, she had 



Fig. 3. — Eventration of the diaphragm on the left side : the heart is- dis- 


placed to the right, simulating dextrocardia; the stomach, however, is on 


the • 


left side. Autopsy showed absence of all muscle tissue in the left leat o 
the diaphragm. 


fallen downstairs and had broken two ribs on the left side. Four years later, 
she again jarred the left side badly when motoring. On physical examination, 
there was dulness at the base of the left lung. Roentgen-ray examination o 
the chest showed a sickle-shaped shadow at the left base, with a brilliant area 
above and internal to this shadow. A diagnosis was made of localized pleura 
effusion with localized pneumothorax and partial collapse of the left lun&- 
Later, a diagnosis of hernia of the diaphragm following rupture due to the la 
was made, and an operation was undertaken. A total absence of the left side 
of the diaphragm was found. 
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clinical means alone, and it is desirable that their value be further .tested 
in cases that subsequently come to operation, or. necrop,sy, a? by. .such 
means alone can the diagnosis be established ,beyord doubt. 

Other physical signs, dulness, dull tympany, diminished . or. absent 
breathing, diminished or absent voice, whisper and tactile fremitus, are 
found with a variety of intrathoracic conditions .(pulmonary cysts, 
tumors, atelectatic areas from bronchostenosis . and .accumulation of 
fluid or solid material in the pleural sac), as well as nyith .iJiaphragmatic 
eventration and hernia. When in addition to. such signs it is noted that 
the dulness changes with the intake of food or fluid into the stomach, 
eventration or hernia may be suspected. The presence of sounds due 
to intestinal peristalsis over the affected side has been noted in a number 
of the reported cases. WTien such sounds are abnormal in their loudness 
or extent, they may have diagnostic significance and serve to suggest 
diaphragmatic eventration or hernia; but in the interpretation of peri- 
staltic sounds over the thorax as an indication of eventration of the dia- 
phragm or hernia, 'it must be remembered that such sounds are normally 
present over the lower parts of the chest, and may be htard on the left 
as high as the third rib in front and the lower third of the scapula behind, 
and at a somewhat lower level on the right. They are much louder on 
the left than on the right side. I have compared the intensity and extent 
of these sounds in the three cases reported here with similar sounds 
in normal chests, and doubt that they have any special diagnostic value. 

Of special methods of examination, determination of changes in 
intragastric pressure with other evidence enabled Hildebrand and Hess ® 
to make the diflFerential diagnosis between eventration and hernia in the 
much discussed case of Schneider, who was examined in many German 
clinics from the age of 12 until his death at 46. A stomach tube was 
connected with a manometer, the lever of which indicated on a revolving 
drum the changes in intragastric pressure. A tracing of the respiratory 
movements was taken at the same time. The curv'es with deep breathing 
were identical with those obtained from a normally placed stomach, 
i. e., a fall of pressure at the beginning both of inspiration and of expira- 
tion and a subsequent increase in pressuie to the height of both phases 
of respiration. They concluded that if the stomach showed normal 
pressure cun'es, especially a positive pressure at the height of inspira- 
tion, it must lie under the diaphragm. At necropsy their diagnosis of 
left-sided eventration of the diaphragm was confirmed. 

This method, of value in this case, deserves further trial. It was 
not used in the cases reported here. There is one other report of its use 

9. Hildebrand and Hess : llunchen. med. Wchnschr. 16, 1905. 

10. Schlippe : Deutsches Arch. f. klin. Med. 76, 1903. 

11. Bergmann; Ergebn. d. inn. Med. «, Kinderh. 12:327, 1913. 
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over half of t:'3 small intestine, the cecum, a portion of the large intes- 
tine, practically all c >he distended rumen, the spleen and part of the 
pancreas to pass in' . •• e.left pleural cavity. The left lung, which was 
totally collapsed, wa' mly about half normal size. The mediastinum, 
esophagus, aorta and • ,pex> of the heart were markedly displaced toward 
the right side. ■ . 

Hume ® ■ gives an excellent description of the development of the 
diaphragm : 


The diaphragm arises by -modification of the septum transversum of the early 
. embryo. This septum is mainly a mesoblastic vehicle for the ducts of Cuvier 
from the body wall to the heart. It occupies an oblique plane, sloping down- 
wards and forwards from the cervical region, immediately dorsal to the heart. 
From this position it makes a gradual descent, reaching its final level about the 
third week of inf fa -uterine, life. 

During the third week it has a posterolateral opening on either side, the 
hiatus pleuroperitonealis, through which the lung buds pass upward, as the 
septum transversum descends ; the pleural cavity thus being an extruded portion 
of the coelom. As the septum transversum descends,- mesoblastic cells in the 
lower dorsal region, representing the cephalic’ end of the primitive mesentery, 
proliferate, and, bridging across the opening, establish a connection with the 
septum transversum. 

The diaphragm is thus constituted of a ventral portion derived from the 
septum transversum, and a dorsal portion derived from the primitive mesentery. 
In the primitive mesentery, near its free border, is placed the developing 
esophagus and stomach. ’ • . - 

In the fourth week the hiatus pleuroperitonealis is closed by a double fold 
of pleura and peritoneum. Muscle fibers are now present in the septum, but 
not. in the membrane closing the hiatus. This can be seen macroscopically 
from the fifth to the twelfth week as a transparent ' triangular area situated 
between the costal and spinal muscle origins. 

The thinnest portion of the .rest of the diaphragmatic sheet is the central 
area of each dome. The right dome is completely filled by the liver, while the 
left contains a small portion of liver, the stomach and coils of intestine of the 
proximal and distal loops of the midgut, which are undergoing rotation about 
the axis of the vitelline artery. The gp-ouping of intestine in this region is 
due to the fact that this is the most roomy part of the abdominal cavity, the 
anteroposterior diameter of the lower abdomen being much less and the pelvis 
merely a potential space. 

. . . Congenital hernia occurs through the left dome most common y- 
. . . and is due to some primary congenital ectopia of viscera, occurring at 
the time of formation of the diaphragm, and sometimes associated with incom 
plete rotation of the intestine (fig. 5). 


In describing congenital diaphragmatic hernia, Hume states ; 

Complete absence of the left half of the diaphragm is not infrequently found 
in fetal cases. The whole diaphragm to the left of the esophageal opening an 
the left crus is absent. Parietal pleura and peritoneum form a continuous 

5. Hume, J. B. : Congenital Diaphragmatic Hernia, Brit. J. Surg. 10.207 
215 (July) 1922. 
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conceive of this with the left half of the diaphragm the seat’ of aplasia. 
Defective development of the diaphragm has been established at necropsy 
in certain cases but is not necessarity implied by the' t6rm eventration, • 
and in the case reported by Duval and Quenu,’^'* the -diaphragm at opera- 
tion had a normal appearance and tliickness. '•'"Owing 'to the much 
phragm had a normal appearance and thickness; Owing to the much 
smaller volume of that part of the thoracic cavity above the alfected 
diaphragm compared with that of the opposite side, -a relatively greater 
negative pressure may result from the descent of the diaphragm and 
contraction of the intercostal muscles on the affected side. In conse- 
quence of such relatively greater ne^tive pressure on the affected side, 
the heart and mediastinum, if free from adhesions, may be expected to 
move toward that side, and the observration does not seem inconsistent 
with mechanical conditions whicli may .obtain with eventration of -the 
diaphragm. 

Roentgen-ray examination after the production of pneunoperitoneum 
may be regarded as the most certain means of differentiating eventration" 
from diaphragmatic hernia. It is a question, however, whether its dan- 
gers justif)'' its use. Schlecht and. Weis were deterred in a doubtful' 
case of eventration of the diaphragm from the employment of this' 
method on account of the possible dangers until the diagnosis had been* 
established by exploratory operation. Roentgen-ray examination tlien 
enabled them to identify the arched line above tlie oxygen filled abdominal 
cavity as that of the diaphragm. After the abdomen had been insuf- 
flated with 1,500 cc. of oxygen, the patient complained of pain, which 
was ascribed to the stretching of adhesions between the liver and the 
diaphragm. In the presence of diaphragmatic hernia, pneumoperi- 
toneum may entail some risk. The absence of a sac in a large majority 
of the cases of diaphragmatic hernia makes it likely that the introduction 
of gas into the peritoneal cavity will cause pneumothorax, on account 
of imperfect closure of the defect in the diaphragm by the hernia. 
Schlecht and Weis report the use of this method also in a case of con- 
genital diaphragmatic hernia, and were thus able without difficulty to 
recognize the nature of the disturbance. The production of pneumo- 
thorax by the introduction of the gas into the abdomen indicated the 
presence of an open communication between the abdomen and the thorax. 
The spleen, stomach and other shadows due to the stomach or large 
intestine were seen above the diaphragm. Three weeks after entrance 
to the clinic, the patient had a severe attack of pain, and was in a condi- 

14. Duval and Quenu: Bull, et mem. Soc. nat. de chir. 50:178, 1924. 

15. Schlecht and Weis: Fortschr. a. d. Geb. d. Rontgenstrahlen. 27:244, 
1920. 

16. Schlecht and Weis: Fortschr. a. d. Geb. d. Rontgenstrahlen. 27:544, 1920. 
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Case 1. — J. M., a Scotchman, aged 31, referred by Dr. W. A. Downes, had 
had distress in the intestinal tract, with gas, which had started as a chronic 
condition but had become acute. During his high school period, in spite of 
a diagnosis of dextrocardia, he had engaged in the usual amount of athletics, 
such as running and football. He had had several roentgen-ray examinations 
for disturbance around the heart, but the condition of the diaphragm was not 
recognized until it '-.was observed by another roentenologist ; ' he, however, 
diagnosed the condition as eventration. 



Fig. 6 (case 1). — Lateral view of absence of left half of diaphragm m a 
man, aged 31 : R. D., position of right side of diaphragm. It should be note 
that no shadow of the left side of the diaphragm can be made out, as it is a sen . 

Roentgen-ray examination disclosed a deficiency in the left side 
diaphragm with the entire ileum, greater portion of the jejunum and the rs 
half of the colon in the chest cavity (figs. 6 and 7). This condition was 
apparently associated with nonrotation of the colon. The stomach was ptose , 
occupying an extremely low position in the abdomen. In spite of the low post 
tion of the stomach and the abnormal position of the intestine, the stomaci 
emptied in five hours, at which time the meal was entirelj' in the left side o 
the chest cavity. There was no evidence of a limiting membrane or sac ^ ° 
the colon. ExaminStion of the chest showed the right border of the hear 
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upper end ot the rectus muscle. Seven months later there were “hardly 
any cough,” no digestive symptoms and abilih’’ to lie on the back and 
right side with perfect comfort. In Duval and Quenu’s case, surgery 
was advised on account of almost daily paroxysms of severe pain in 
the left hypochondrium, and was preceded by the production of 
artificial pneumothorax to avoid the danger. of sudden collapse of the 
lung during operation. A thoraco-abdominal indsion was made, and 
three plaits were taken in the diaphragm. For two months after opera- 
tion there were no paroxysms resembling those the patient had had 
before. 

I am indebted to Dr. George W. Holmes for his cooperation and' assistance 
in the roentgen-ray examination of these patients. 

ABSTRACT OF DISCUSSION ON PAPERS 
DRS. PACKARD AND LORD 

Dr, J. J. SiXGER, St Louis: This question of the use of pneumothorax and 
its a\"ailabilit}' to surgeons is resulting in the latter attaching internists to their 
staffs, so that what occurs in pneumothorax cases is of vital importance, to intern- 
ists, especially this particular point, hernia of the mediastinum. I have been 
somewhat in doubt as to v.-hether it is really a hernia, whether the mediastinum 
is actually tom through and the pleura extends into the opposite cavity, or 
whether the mediastinum, as a whole, is pushed into the opposite lung space. One 
of the greatest surprises to surgeons performing pneumothorax is the observation 
through the fiuoroscope of a tremendous air pocket when 200 or 300 cc. of air 
is forced into the pleural space. How did it get there? Evidently there was 
spontaneous rupture of the lung during the performance of artificial pneumo- 
thorax. That happens much oftener than is suspected. Frequently, the spon- 
taneous rupture or the amount of air that enters the pleural cavity is small 
because of adhesions of the pleura at various parts, so that it is always best to 
look with a fiuoroscope. One should not stop with the manometer readings. 
Manometer readings are misleading. A negative pressure may be recorded and 
yet the pleural space be full of air. That is because the collapsed lung is so much 
collapsed that it is almost theoretically a part of the mediastinum tissue ; hence, 
the opposite pleural pressure is being registered. Graham and EeJl's work showed 
that when pressure is taken that way, the pressure of the opposite cavit>' is being 
taken. I feel that a pneumothorax performed in the home or without the use of 
the fiuoroscope is a mistake. 

Dr. Caei. -A Hedbloj:, Chicago : Dr, Lord has raised an interesting question 
in relation to phrenicotomy. His observations show the importance of being 
conservative in recommending this operation, which in itself is so simple and 
seemingly harmless that we may be tempted to use it in cases in which it is not 
properly indicated. On the other hand, I think that the question as to indications 
for it is one of relative %'alue. In the treatment of tuberculosis, it must not 
be forgotten that one is dealing with a serious disease which if not arrested will 
eventually cost the patient his life. And an operation that maj' prove helpful 
in securing arrest of the tuberculous process would seem justified even at the 
expense of a certain amount of functional derangement In case phrenicotomy is 
preceded or followed b}* thoracoplasty, it would also seem probable that the 
collapsed state of the lower thorax might well tend to counteract any tendency 
to functional derangement from a high nonfunctioning diaphragm. I have also 
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to be about 4.5 cm. to' ■ -right of the median line. The apex was obscured 
by an area of density > h,was continuous with and about equal in density 
to that of the abdomen. he left side of the diaphragm could not be seen. 
The trachea .was slightly ■uj'ore to the right of the midline than is usual. Both 
lungs showed a normal appearance, with an unusual amount of pulmonary area 
on the right side. 

Six years later, this patient was alive and expressed himself as being 
“marvelously well.” He also stated that he believed that he had less of the 
ordinary distress and stomach trouble than the average normal person. 



Fig. 8 (case 2). — ^Lateral view of absence of left half of diaphragm m ^ 
woman, aged 62; the right side of the diaphragm is visible, but the ^ 

is absent; the stomach shows a remarkable appearance, being inverted. . o 
similarity to figs. 2 and 5. 

Case 2. — A. R., a woman, aged 62, referred by Dr. Mills Sturtevant, com 
plained mainly of coughing a great deal and of pain through the shou ers- 
For about six years she had had discomfort and pain in the midepigastrm 
region after eating. The patient had had a roentgen-ray examination ® 

the time I saw her, after which she had been told that she had a dou c 
stomach" which would require surgical treatment. 

Roentgen-ray examination showed the stomach to be inverted (fig- 8) an n 
be situated in the left side of the chest. The small intestine was entirely in t e 
abdomen. The cecum was extremely low in position, but the splenic flexure o 
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neath the diaphragm is the belly. It is the elevation of the' bell3' and not the even- 
tration of the diaphragm. I suggested that it be called elevation of the 
diaphragm and not eventration. Another misnomer is worth mentioning. If 
you will refer to a recent number of the Journal of the American Medical Asso- 
ciation, you will find a letter of mine on the use of the word “benign” in contra- 
distinction to “malignant.” There is no such thing as a benign tumor. It may 
be nonmalignant or innocent, but no tumor is benign. 

Dr. Leon T. Le'Wald, New York; Dr. Lord asked for an opinion as to tlip 
value or use of artificial pneumoperitoneum in the differential diagnosis of :e.''ip.ns 
about the diaphragm. I am opposed to it, as not being necessary and somewhat 
dangerous. It is always possible to show the entire diaphragm -roentgenograph- 
ically if one makes a careful lateral exposure. One can show both sides of the 
diaphragm in a normal person. It is not necessary to inject air into the peri- 
toneal cavity to make a differential diagnosis between eventration and .diaphrag- 
matic hernia, or congenital absence of the left side of the diaphragm. 

Dr. Frederick T. Lord, Boston : Dr. Lilienthal's criticism regarding the term 
eventration is well made. The term is a misnomer. The only justification for it 
is common usage. Regarding the possible dangers to the patient of a phrenicotomy 
and exeresis, I do not believe that one can judge the matter so early in experience 
with this procedure. Persons with eventration apparently may go for a long 
period without symptoms and then develop symptoms, and the question as to the 
deleterious effect of this procedure cannot be answered without the lapse of more 
time. The suggestion was made that a determination of the nature of the 
disturbance may be made by electrical stimulation of the phrenic nerve. Lack of 
response might be taken to indicate a disturbance in the nerve. It might also be 
taken to indicate no response in muscle that is inefficient. I think there is some 
doubt as to the interpretation of the results, and there has been no experimentation 
with this procedure. 

Dr. E. N. Packard, Saranac Lake, N. Y.: I think Dr. Lilienthal's criticism 
of the word “hernia” is justified but it is a term that has been used generally in 
the German and French literature to describe the culdesac, or pouch, which 
bulges into the sound side across the mediastinum. The “hernia” is covered by 
the parietal pleura of the pneumothorax and by the parietal and visceral pleura of 
the sound side. . 
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identical with that in case 1, No fluoroscopic or chest examination was made. 
Hence the fact. was not determined that the opaque substance was all in 
the chest cavity at this time, as was observed in case 1. 

A brief summary of the case as reported by Dr. Vogel ® is : 

The patient complained of abdominal pain and showed ssnnptoms referable to 
stenosis of the large intestine. Necropsy revealed a large defect in the left 
side of the diaphragm. The left border of the heart was 2.5 cm. to the right 
of the midline; the right border was 11.5 cm. to the right of the midline. A 
considerable portion of the colon, including the cecum and appendix, together 
with the stomach and spleen were in the chest cavity (fig. 10). The opening 
in the diaphragm measured 6 inches (15.2 cm.) in diameter. There was no 
hernial sac. The sigmoid flexure showed evidence of diverticulitis, with marked 
inflammatory reaction and stenosis. 



Fig. 10 (case 3). — Appearance at autopsy in a case of a large defect, 
6 inches (15.2 cm.) in diameter, in the diaphragm. The contents of the chest 
were similar to those in a case of complete absence of the left side of the 
diaphragm. 

Vogel reports the case as one of ‘‘false congenital diaphragmatic 
hernia” in view of the absence of a sac. In view of the large size of 
the defect in the diaphragm, this case might well be classified with the 
cases of congenital absence of the left half of the diaphragm. In this 
respect it closely resembles cases 1 and 2. It is also interesting to note 
that case 1 also occurred in a Scotchman and case 2 was complicated by 
multiple diverticula of the colon, as was also case 1. 

The necessity for making a thorough fluoroscopic and roentgeno- 
graphic examination in all cases of obscure symptoms referable to the 
abdomen or chest is illustrated by this case in which a limited roentgen- 
ray examination was made at the special request of the attending surgeon. 

6. Vogel, Karl : Diaphragmatic Hernia, with Report of a Case, Am. !• 
M. Sc. 145:206 (Feb.) 1913. 
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Fig. 1, — Abdominal aspect, showing absence of left half of diaphragm 
diagrammatic. (From J. B. Hume, London ; specimen preserved in the museum 
of St. Bartholemew’s Hospital, London.) 



Fig. 2. — ^Absence of the left half of the diaphragm in the same case as 
figure 1, showing the course of the esophagus by the dotted lines : S, stomach ; 
L. I., large intestine. (From J. B. Hume, London.) 
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nation. In the seL. that of a woman, aged 69 years, the correct 

diagnosis of thoraci , , -.ch was inade on roentgen-ray examination.” 

In differentiating ’ ■■ehital absence of the left half of the diaphragm 
from a true diaphrag. , 'c hernia, roentgen-ray examination is believed 
to be reliable, but sl'';<i.td always include examination in the lateral 
position, as in this position the diaphragm can be made out if present. 
The latter fact is particularly true in hernia through the esophageal 
opening, a condition that is being recognized with increasing frequency 
on careful roentgen-ray examination of the digestive tract. 

CONCLUSIONS 

Congenital absence of the left side of the diaphragm is a rare condi- 
tion but should never be confused with true diaphragmatic hernia, 
eventration of the diaphragm, or thoracic stomach. 

The question of operability depends on the size of the congenital 
defect.' In cases of complete absence of the left half of the diaphragm, 
it, might be necessary in a particular case to operate for some compli- 
cation, such as acute or chronic appendicitis, -in which case the exact 
'Cation of the appendix should be determined by means of the roentgen 
ray, and a suitable incision made at the nearest point. After under- 
taking the necessary surgical procedure, no attempt should be made to 
iv,medy the defect. 

" Congenital absence of the diaphragm is not incompatible with 
longevity. 

In cases of traumatism to the abdomen or chest, congenital absence 
of the left side of the diaphragm should always be borne in mind and 
recognized in contradistinction to a supposed diaphragmatic hernia, 

10. Lewald, L. T. : Thoracic Stomach, Differentiation from Eventration and 
Hernia of the Diaphragm, Radiology 3:91 (Aug.) 1924. 
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Keith,® in his article on diaphragmatic hernia, records' three cases 
of congenital absence of one side of the diaphragni in the fetal stage and 
one case similar to Clayton-Greene’s case. The ‘ ability of a person to 
survive with diaphragmatic hernia or congenital absence of the left • 
side of the diaphragm is proved by one of Keith’s patients who lived 
to be over 70 years of age, and one of mine who is 62. 

Meyer ^ reports a case of congenital absence of the left half of the 
diaphragm in a new-born lamb which had survived birth but a *>tewi'' 



Fig. 4. — ^Thoracic stomach, showing that the stomach has been completely 
developed above the intact diaphragm. The duodenum passes through the 
opening in the diaphragm which would normally be the esophageal orifice. 

moments. When the abdomen was opened, the most striking feature 
was the absence of the larger portion of the intestines, which made the 
abdomen seem comparatively empty. Further examination showed the 

•4 

greater portion of the left half of the diaphragm to be absent, allowing 


3. Keith: Brit. M. J. 2:1297, 1910. 

4. Meyer, A. W. : Spolia Anatomica, J. Anat. & Physiol. 9, 1914. 
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receiving taiubours could be fastened to the horizontal bar b)^ a chain 
of exactly the same length on the two sides. From the upper hook 
of the tambours other chains passing across the front of the chest could 
be fastened to hooks of equal height on the opposite upright. Witli such 
an apparatus it was possible to keep the tension on the two tambours 
exactly the same. The movements of the two sides were recorded 
simultaneous^ by recording tambours on the k 3 miograph. Thus, a 
record could be kept and the observations of clinical examination con- 
firmed. After the observations both by physical examination and tam- 
bour' readiiisrs had been completed, the animals were observed under the 



fasten to table. 

fluoroscope and roentgenograms made of the chest. To preserve uni 
formity in the latter, roentgenograms were always made at tlie height 
of inspiration. This was easy of accomplishment because it was neces- 
sary only to hold the nose of the dog when the lung was expande . 
There was always sufficient time to take a satisfactory roentgenogrann 
After all records had been completed, the animals were killed an 
studied at necropsy to determine whether or not pathologic changes were 
apparent (fig. 1). 
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sheet. Abnormal lobes or semidetached portions of the live*' ■ate frequently 
found, and the greater part of the intestine, in a p^'-'’,ally rotated condition, 
lies in the chest. Such a condition is almost ahva' ■'.compatible with life, 
though it is recorded that one boy lived to the age , years. 

In view of the apparent lack of recognition^, v,'! congenital absence 
of the left half of the diaphragm, owing to confusion with diaphragmatic 
hernia and eventration of the diaphragm, the following three cases are 



Fig. 5. — ^Hernia through a large defect in the left dome of the diaphragm: 
The inverted position of the stomach (5") in the chest cavity should be noted; 
the cecum, transverse colon and splenic flexure (L, /.) also are in the chest 
cavity. An erroneous roentgen-ray diagnosis was made of “complete pneumo- 
thorax, left side, the left diaphragm considerably higher than the right.” 
(From J. B. Hume, London; specimen preserved in the museum of St. 
Bartholomew's Hospital, London.) 


recorded, together with the necropsy reports in a fourth case. As far 
as known, cases 1 and 2 are the first two cases in which the roentgen-ray 
diagnosis of congenital absence of the left half of the diaphragm has 
been made. 
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anesthesia and standard surgical technic. The phrenic nerve was isolated 
and carefully traced so- that all tributaries might be identified. It was 
then drarvn upward and cut off or evulsed, and the wound closed. 
Observations were made the following day. In every instance, physical 
and fluoroscopic examinations and tambour records were made. 

Inspection of the chest invariably failed to show the slightest depar- 
ture from normal. After the wounds had healed and the scars of opera- 
tion were no longer apparent, several animals were brought to the 
examining room. Some were normal ; in others the right phrenic nerve 
had been cut, in others the left phrenic nerve, and in one both phrenic 



Fig. 2. — ^Right phrenic neurectomy; right phrenic nerve cut, showing elevation 
of the right side of the hemidiaphragra. 


nerves had been cut, yet by observation it was impossible to distinguisi 
the normal animals from those subjected to operation, and equally so 
to determine among the latter group which side had been operated on. 

By percussion it was possible to locate the side of the severed ne^e 
because of the higher area of dulness on that side, the lessened excursion 
of resonance during respiration and the slight departure of the heart from 
its normal position. It was impossible to determine the side of operation 
by means of the k3Tnograph record. In each instance the tambour 
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Figf. 7 (case 1). — Absence of left half of diaphragm in a man, aged 31: 
It should be noted that there is no shadow of the diaphragm on the left side; 
the terminal ileum, the cecum, appendix, ascending and transverse colon and 
the hepatic and splenic flexures are all in the chest cavity on the left. In some 
respects, this may be regarded as nonrotation of the colon associated with 
absence of the left half of the diaphragm; the heart is displaced to the right, 
but is not transposed. 
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diaphragm on the unaffected side moves normally through its customary 
excursion. ‘ 

'In this way, respiratory movements are shortened in one direction 
because the length of the thoracic cage is decreased. In no other direc- 
tion are changes apparent. Not only the unaffected half of the dia- 
phragm moves through its normal cycle but the thoracic wall and the 
costal margins act independently and move without restriction through 
their normal cycles and in their normal directions. 

Without the- fluoroscope, the examiner is unable to decide which is 
the affected side, whether he employs inspection alone or inspection com- 
bined '•'•ith palpation. Percussion of the lower borders of the lungs 
and the position of the heart give some clue to the affected side, but little 



Fig. 4. — Right phrenic nerve severed; reading made with animal anesthetize 
with ether; movements of chest wall equal on two sides; normal outward 
ments of costal arches during inspiration. Paralysis of the right side o 
diaphragm was seen on fluoroscopic examination; the right half of the diap 
was found atrophied at necropsy ; intrapleural pressure was equal on the two si 

help is obtained by auscultation ; the breath sounds are apparently unal^ 
tered and no evidence of congestion can be found. In examinations o 
animals several weeks after phrenic neurectomy, it was impossible to 
determine with exactness the side that had been operated on when on ) 
physical examination and tambour readings were available. 

Dog 2 afforded a specific illustration of the common observations. 
Inspection, palpation and auscultation gave no clue to the side of opera 
tion. and the heart seemed to be in the middle of the chest. The anima 
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the colon was in contact with the stomach in the left ' .of the chest. There 
also was evidence of multiple diverticula of the pelvic .' -n (fig. -9). The lungs 
showed evidence of chronic interstitial pneumonitis j ■ nontuberculous nature, 
associated with chronic bronchitis, but without the pii^ence of bronchiectasis. 
It is believed that the patient’s cough was due to the condition of the lungs, 
and that the condition of the diaphragm was purely incidental. 

Case 3. — G. P., a man, aged 37, referred to Willard Parker Hospital from 
the occupational clinic of the Board of Health of New York City, had a 
roentgenographic appearance similar to that observed in cases 1 and 2 from a 
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were being made. In each’ case, physical examination failed to disclose 
differences in^breathing. - 

The ‘readings takfen on dog 5 were particularly interesting because of 
the perfect rhythm of respiration and the equality in depth of successive 
inspirations? and expirations. The manometer levels were always iden- 
tical, rising and falling in unison. 



Fig. 5. — Two water manometers mounted side by side, each connected wi 
needles of equal caliber. The needles were inserted at the same level in t ® 
axillary line and readings were taken in both inspiration and expiration. 

When readings were taken on dog 3, in which the right side of the 
hemidiaphragm had been paralyzed, and had been seen under fluoro 
scopic examination to remain high in the thorax, the readings showed 
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No discretion was allowed the roentgenologist to make a complete 
examination, which prevented making a correct antemortem diagnosis 
in this case. 

Vogel himself, in commenting on false congenital diaphragmatic 
hernia, called attention to a case by Klebs in which the diaphragm 
was totally absent, yet the child lived until he. was '6 years of age. 

DIFFERENTIAL DIAGNOSIS 

Differential diagnosis between eventration of the diaphragm and 
congenital absence of the left half of the diaphragm can be made roent- 
genologically, especially in lateral exposures. In eventration, however 
high the diaphragm may be, its outline can be seen. In congenital 
absence of the left side of the diaphragm, while the upper border of the 
stomach or portion of the colon may have a domelike appearance at 
times, repeated examination will show a change in the contour of these 
shadows. 

Two cases of thoracic stomach have been exaniined b}'^ me and one 
case was confirmed by operation. Thoracic stomach is a term used par- 
ticularly by Bailey ® to indicate the presence of the stomach in the chest 
cavity without any evidence of an abnormal opening in the diaphragm. In 
both of these cases it was a simple matter to demonstrate the entire intact 
diaphragm on each side of the chest, and at no time could any portion 
of the stomach be found below the diaphragm. Furthermore, no other 
abdominal structure was found above the diaphragm at any time. These 
observations would serve to distinguish a case of thoracic stomach 
from either a true diaphragmatic hernia or a congenital absence of a 
portion of the .diaphragm. This condition has also been described as 
diaphragmatic hernia of the stomach with short esophagus,® and other 
observers have called attention to the fact that this type of anomaly of 
the stomach is such that it is impossible to bring the stomach down into 
the abdominal cavity. However, it may at times be necessary to relieve 
some condition of the stomach itself, in which case the operative pro- 
cedure would be undertaken through the chest cavitj' ; or, as in a patient 
operated on by Downes, a gastro-enterostomy may be performed through 
what would ordinarily represent the esophageal orifice in the diaphragm. 
This case in a boy, aged 7 years, is the first one recorded in which a 
correct diagnosis of thoracic stomach was made by roentgen-ray exami- 

7. Klebs, reported by Eppinger: Allgemeine und specielle Pathologic des 
Zwerchfells, Supplemente H. Nothnagel’s Specielle Patliologie und Therapie, 
Vienna, 1911. 

8. Bailey, P.: Anat. Rec. 17:107-109 (Oct. 20) 1923. 

9. Fineman, S., and Conner, H. M.: Right Diaphragmatic Hernia of the 
Short Esophagus Type, Am. J. M. Sc. 167:672 (May) 1924. 
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volume of the lung is decreased by lessening of one dimension only. 
It remains to be seen whether or not vital capacity is markedly impaired 
or whether abnormal or pathologic changes could be found in the lung. 

These two problems were approached by an attempt to compare the 
functional capacity of the several animals with that of normal animals 
of' approximately the same size and weight and subjected to the same 
strain. The second problem was studied by the gross and histologic- 
appearance of the organs and will be discussed later. 

No satisfactory mechanical device could be used to study the func- 
tional competency of respiration. It was decided that the capacity to 
do work would be an accurate index of respiratory competency. Accord- 
ingly, a distance of four-tenths of a mile was measured on a road that 
ran down a gently sloping hill. The animals operated on were each 
paifed with a normal dog and then allowed to run down and .back up 
the hill to the starting point. 

■■'It seemed to make no difference to the animal’s ability to perform 
this strenuous exercise whether his phrenic nerve was severed or not, and 
one animal whose whole diaphragm had been paralyzed seemed to fare 
as well as his normal mate. 

In' three of the animals the phrenic nerve had been anastomosed with 
the recurrent laryngeal ; these animals could be separated from the others 
because of the stridulous breathing. They were not in any way embar- 
rassed, however, in their ability to perform the work. They ran freely 
and without evidence of fatigue or dyspnea. Two of them, in fact, 
were eager to run and actually dragged their more sluggish though 
normal mates. 

A jury of disinterested observers, unacquainted with the ani- 
mals used in the experiments, was unable to segregate the normal 
dogs from those subjected to operation except in the cases of those who 
had been subjected to combined operation on the phrenic and recurrent 
laryngeal nerves. Perhaps if the exercise had been so strenuous as to 
produce exhaustion, the normal dogs would have failed less quickly 
than the others. This was not done as it was desired to determine rather, 
whether the operation would produce a disability incompatible with the 
performance of the more nearly normal requirements of life. Compen- 
sation seems to be adequate to protect the respiratory function against 
failure during the performance of ordinary activities. 

INFORMATION OBTAINED AT NECROPSY 

The animals were killed by overetherization. Before death the 
tracheal overflow was obstructed in order to keep the lungs in an 
expanded condition. After death the thoracic wall was removed and the 
lungs were observed while still expanded. In one instance, namely, when 
both phrenic nen'^es had been severed, passive congestion was seen at 



THE PHYSIOLOGIC EFFECT”' PHRENIC 

NEURECTOMY* 

WILLIS S. LEMON, 

Division of ^ledicine, Mayo Clinic 

ROCHESTER, illXN. ' 

The use of phrenic neurectomy in the surgical treatment of pul- 
monary tuberculosis has enjoyed increasing popularitj' within the last 
two years. It is not especially a new operation, nor is it one that is 
usually adopted alone, but rather in association with, other surgical 
procedures. All work of this type is designed to give the lung its 
maximal amount of rest. Similar, although less, work has been done 
in nontuberculous cases. 

In a general way improvement has been reported, but the presence 
of lesions within the lung has made it almost impossible to know whether 
or not the operation in itself will produce an appreciable alteration of the 
physiology of respiration. 

It seemed necessary to determine experimentally the exact effect of 
the operation on the well-being of the patient in general as well as - on 
his respiration. Accordingly, the normal functions of healthy animals' 
(dogs) were observed. This included careful obser^'ation of the sym- 
metry of the chests and the movements of the thoracic wall and dia- 
phragm. They were operated on under ether anesthesia and with aseptic 
technic and the phrenic nerve was evulsed, some on the left side and 
others on the right, and, in one instance, on both sides. Great care was 
taken in the details of the surgical technic to expose the nerv'e beyond 
the point of its accessory roots, so that complete phrenic neurectomy 
could be effected. No immediate change was observed in these animals 
during the operation, and on the day following, when the animal had 
recovered from the anesthetic, the studies reported here were made. 

To measure and compare the movements of each side of the thorax 
accurately, a special frame was built which could be securely fastened to 
a horizontal table. The horizontal bar, clamped to the table, was divided 
into two equal parts, and chains %vere fastened at its central point. 
Hooks were inserted into the lateral uprights at equal heights so that 
the height on the two sides could always be the same. The dog was 
placed on its back with its vertebrae exactly in the middle of the frame. 
The receiving tambours were fastened to the animal’s thoracic wall by 
chains, the links of which were of equal length. By this means the 

* Work done in the Division of Experimental Surgerj' and Patl)olog>', The 
Mayo Foundation. 
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duced into the trachea. Ten minutes later he was killed by overetheriza- 
tion, the trachea being clamped to maintain expansion of the lungs. The 
lungs and heart were carefully removed without injury to the diaphragm 
or its attachments. The lungs appeared normal in every respect ; there 
was no evidence of congestion on either the dorsal or ventral sides or in 
tile upper or lower lobes. 



Fig. 6. — ^Appearance by transmitted light, showing the relative thickening 
the two sides and the translucency of the paralyzed hemidiaphragm. 


The left phrenic nerve was normal in size, and mechanical stimu ^ 
tion of its distal end caused marked muscular contraction of the w 
phragm. The right phrenic nerv’^e, however, was smaller than normal 
and terminated above in a scar attached to the upper portion o tie 
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EXPERIMENT SHOWING AMPLITUDE OE MOVEMENT 
OF EACH HEMITHORAX 

Normal dogs were chosen, placed comfortably on their backs on a 
table and securely fixed in position. They were carefully examined,- 
especially by inspection, and no difference in amplitude of movement of. 
the two sides could be detected. For purposes of illustration, they were 
placed in the special frame, tambours under equal tension were placed 
against their sides and a record made of the movements of each hemi- 
thorax. All of the records were a confirmation of the obsen^ations 
made during the original examination. The two sides showed tan even 
amplitude of movement. On fluoroscopic examination the amplitude of 
movement of the diaphragm was found to be equal on the two sides. 
Roentgenograms of the chest were made with the chest in the position 
of full inspiration and the record kept for illustration and comparison 
with others made later when the phrenic nerves had been evulsed. 

EXPERIMENTS TO DETERMINE EFFECT OF AN ABDOMINAL 
INCISION ON MOVEMENTS OF CHEST WALL 
AND , OF DIAPHRAGM 

Animals found normal in the previous series of experiments were 
anesthetized and a long incision, such as is customarily employed for an 
Eck fistula operation, was made through the abdominal wall. Intra- 
abdominal manipulation was avoided. The wound was closed according 
to the standard technic and the animal taken to its cage. The following 
day after careful physical examination records were made. Fluoroscopic 
examinations were made in each instance. These experiments were 
repeated with dogs on which an Eck fistula operation had been perfonned 
on the preceding day. 

Physical examination showed clearly that the abdominal movements 
were decreased in excursion but that those of the chest were not altered 
appreciably ; nor were differences seen in any instance in the movement 
of the two sides. These obsen^ations were confirmed by a study of the 
tambour records, which showed an equality of movement on the two 
sides, as well as by fluoroscopic examinations which revealed normal 
equal movement of the two sides of the diaphragm. There was no 
instance in which either the movements of the chest wall or of the dia- 
phragm were influenced by the abdominal indsion. 

EXPERIMENTS TO DETERMINE EFFECT ON MOVEMENT OF CHEST 
WALL AND OF DIAPHRAGM AFTER SECTION OF 
PHRENIC NERVE 

Dogs found to have normal movement of the chest wall and of the 
diaphragm in former experiments were operated on under general 
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it was attached to the thoracic wall. The paralysis had evidently been 
coiPplete, and the atrophy was universal. 

■ The diaphragm was then removed intact and flattened out smoothly 
on a ground glass plate. Fibrillary twitchings appeared in the thick red 
muscle of the normal side, but the paralyzed side was in repose and 
could not be made to show muscular movements by stimulation applied 



Fig. 8. — Normal appearance of base of right lung in animal with right 
phrenic nerve cut. 



Fig. 9. — Atrophied nerve, showing vacuolization and loss of myelin sheath. 

to the stump of the phrenic nerve or directly to the muscle itself. 
either procedure brought out violent contraction on the norma s 
The line of demarcation was nicely illustrated by this means an con 
firmed the observations made on inspection. Contractions occiirre n 
to the line of separation when the normal muscle was stimu ate , 
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record showed the same amplitude of movement of the two sides of 
the chest wall. On fluoroscopic examination, however, striking differ- 
ences were observed. The paralysis on the side of operation was 
apparent. Not only did that half of the diaphragm tail to move through 
its ordinary excursive distance but in most instances it took on paradoxic 
movements, passing upward on inspiration and downward during expira- 
tion. These movements, however, were always very short. Often no 
movement could be seen and infrequently the movements were normal 
in direction but showed only a small fraction of the normal excursion. 
The other and unaffected half of the diaphragm showed an excursion tliat 



Fig. 3. — Left phrenic neurectomy, showing elevation of diaphragm on the 
left side. 

was identical with its movement before the operation had been per- 
formed. In no instance could a difference in the movement of the costal 
margins be observ^ed regardless of which half of the diaphragm was 
paralyzed or when both phrenic nerves had been evulsed (figs. 2, 
3 and 4). 

Section of the phrenic nen-e produces paralysis of that side of the 
diaphragm to which it supplies motor innervation. The paralysis affects 
the mot^ement of the hemidiaphragm causing it to remain stationary or 
to have slight normal or more frequently paradoxic movements. The 



360 


ARCHIVES OF SURGERY 


Studied fat droplets were seen ; with van Gieson’s stain specimens showed 
no evidence of increase in connective tissue. When the degree of 
atrophy was studied, a micrometer attachment was employed to measure 
the size of the cells. No effort was made to obtain absolute accuracy, 
but it was possible to determine that the atrophic cells were approximately 
one-quarter the size of the normal cells. This corresponds with the 
judgment of the relative thickness and density when inspected grossly. 
The sections of the lungs showed no evidence of abnormality regardless 
of the side or part of the lung examined. 

The lungs were examined fluoroscopically when still inflated. 
Iodized oil, 40 per cent, had been aspirated into both the right and left 
sides, showing that the paralysis on the right side did not influence 
respiration sufficiently to prevent aspiration of the tracheal contents 
(figs. 6 to 11). 

SUMMARY 

111 a series of experiments on dogs, either one or both phrenic 
nerves were severed. The behavior of the animal and the function of 
respiration were studied by physical examination, a recording device 
and the fluoroscope. The intrapleural pressure was measured on both 
sides; The lungs, diaphragm and phrenic nerves were examined at 
necropsy, both grossly and microscopically. 

The operation itself is attended with little or no risk for the patient; 
it brings about no impairment of his functions in general or of his 
respiratory function in particular. The compensation is sufficient to 
overcome the loss in function of the half of the diaphragm or indeed 
that of the diaphragm as a whole when both phrenic nerves are severed; 
the animal is competent to carry on its usual activities without embar- 
rassment or dyspnea. The thoracic wall, both laterally and at the 
costal margins, apparently moves independently and is not influenced 
in direction or extent by paralysis of the nerve regardless of the side 
operated on. Atrophy appears early in the diaphragm, but paralysis 
appears at once, and the paralyzed side can be determined by fluoro- 
scopic examination, but not by inspection or palpation of the chest, nor 
by tambour readings of its movement. The paralyzed hemidiaphra^n 
rises approximately one interspace higher than its fellow and remains 
stationary or takes on short normal movements, or in a few instances 
paradoxic movements so that it may be seen to rise in the thorax a sl^t 
distance on inspiration and fall an equal distance on expiration. ^ 
paralysis on the side of the section is complete and the atrophy uniform. 
The line of demarcation between paralyzed and normal muscle is distinct 
and sharply drawn. The response to stimulation i? lost throughout t le 
whole of the affected hemidiaphragm. The muscle cells are reduce to 
approximately a quarter of their normal size, and fatty degeneration 
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breathed mainly by means of costal movements.-.then slight movement 
of die abdomen, slightl)- accentuated on the right side. . iThe left 
phrenic nen’'e had been severed. On fluoroscopic examination, however, 
the dome of the left hemidiaphragm was higher than the right ever 
reached and showed evidence of slight normal movement. - The right 
half of the diaphragm maintained its normal excursion.- The heart 
seemed to be in its normal position, and no alteration from the normal 
density of lung tissue could be obser\-ed. - . 

Dog 1 illustrates the obseiwations obtained when neurectomy has been 
carried out on both sides. His respiration •v\'as not embarrassed. He 
breathed normally with equal expansion on both sides.. When the lungs 
filled, the abdomen relaxed, but when the lungs emptied the abdominal 
muscles contracted forcibly. One could not have suspected from the 
appearance of the animal that an operation had been performed which 
might have crippled respirator}* function. 

THE EFFECT OF PHREXECTOMY OX IXTRAPLEURAL TEXSIOX 

It is well known that the mediastinal partition of a dog is a tliin and 
fragile membrane, and that fluids as well as air may pass from one side 
to the other. Pressure, therefore, should be equalized regardless of the 
unilateral lesion inflicted, and the opposite side should sustain a burden 
in compensation so that respiration may be unimpaired. 

It seems probable, therefore, that pressure readings in e.xperiments 
on dogs cannot be interpreted as accurately portraying conditions in 
man, subjected to a similar experiment. Yet compensation is a funda- 
mental function in all animals and concerns physiologic phenomena con- 
sequent on section of a motor nerve for the purpose of determining the 
crippling effect on respiration as a whole and on the relationship existing 
between the several groups of muscles whose concerted and correlated 
action makes breathing possible. To this end. simultaneous readings 
were made from each side, emplo}'ing a pair of manometers mounted 
side by side (fig, 5). 

The size of the animal and the character of its breatliing during 
anesthesia seemed to affect the amplitude of movement and create 
greater or less variations between the two phases of respiration. Thus, 
it became difficult to establish a normal negative pressure reading that 
might apply to any animal or. in fact, to a single animal under varied 
circumstances. Yet the readings on the two sides were invariably 
approximately the same whether they were taken on normal dogs, on 
dogs with both phrenic ner\*es severed, or on dogs with only one nerve 
severed, and regardless of whether the right or the left nerve had been 
destroyed. 

The accompanying table illustrates the \*ariables and the similarities 
of the readings. The dogs were under ether anesthesia while readings 



THE LOGICAL SEQUENCE IN TWO-STAGE 
■' ■ - ■ THORACOPLASTY 


.."HOWARD LILIENTHAL, M.D. 

NEW YORK 

In deciding on an operative course in cases of pulmonary tuberculosis, 
there should be a full..review of the progress of the disease from the 
beginning and a particularly careful study of the rapidity and character 
of the changes that have occurred during the last two or three months. 
Treatment by pneumothorax will probably have been instituted and its 
result should be known. In addition to this clinical picture, a roent- 
genologic series js necessary. With all the data in mind, the type of 
opei'ation or combination of operations may be selected from some kind 
of thoracoplasty, phrenic nerve avulsion, pneumonolysis or a direct 
procedure on the lung. 

The favorite practice at the present time is to perform paravertebral 
thoracoplasty as elaborated by Sauerbruch, the details of which it is not 
necessary to review. This operation may be performed in one stage 
or in. a series of stages, according to the pathologic picture and the 
patient’s physical state or mental attitude. 

I The more usual manner of proceeding is to divide the thoracoplasty 
into two principal stages, the one beginning with the resection of tlie 
lower ribs, the other beginning with the resection of the upper ones. 

The question I wish to take up here is the one of precedence. Fol- 
lowing the advice of Sauerbruch, most surgeons have begun by operat- 
ing on the lower part of the chest, and after an interval of days or 
weeks have resected the upper ribs, ending with the first. 

In my earlier cases, I operated in one stage (five cases), resecting 
the first eight ribs only; but I soon came to the conclusion that the 
two-stage operation with resection of from ten to twelve nbs was 
preferable. The sequence having the upper part of the thorax as a first 
step was decided on after a study of the usual distribution of the patho- 
logic lesions and the physiology of the movements' of the chest wall in 
breathing. 

I shall speak only of those cases in which collapse as complete as 
possible is contemplated, even though in the progress of the case it ma\ 
be decided that a less radical procedure may suffice, with the treatmen 
suspended after the first stage. Cases complicated by open emp>e|na 
are not considered here because they demand a separate procedure-— t^ 
of obliterating the infected pleural cavity, the lung itself already jeiOj, 
collapsed or even compressed. , 

The danger of spilling by gravity from cavities in the itpper 
the lung has been referred to as a reason for beginning w'ith the ouer 
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certain variations with each respiratory movement. Thus, readings of 
separate respirations registered — 4 to — 8, — 2 to — 6 or.; — 5 to — 9, 
but in every case there was no difference between -..the two sides. In 
this particular animal, therefore, although certain variations were noticed, 
there were no differences between the affected and the unaffected sides. 
Compensation had been so complete that the two pressures, were main- 
tained equally; careful observation failed to disclose inequalities in 
respiratory excursions, and the costal margins moved through their 
normal excursions in both distance and direction, seemingly independent 
of the fact that one side of the diaphragm had its normal strength while 
the other had become a flaccid structure lying inert a full interspace 
higher than its mate. 


Effect of Phrenic Neurectomy on Intrapleural Tension 




Pressure (Mm. of Water) 

Dog 

Operation 

Left 

Bight 

1 

Both nerves cut 



2 

Lelt nerve cut 

—1.5 to — 1.0 

—1.0 to —3.5 

3 

Bight nerve cut 

—1.0 to —7.0 

—2.0 to —7.0 

4 

Normal 


—2.0 to —0 0 

5 

Eight nerve cut 


0 to -8.0 

6 

Bight nerve cut 


—2.0 to —7.5 

7 

Lelt nerve cut 


—2.0 to —5.5 

8 

Eight nerve cut 

+2.0 to —5.0 

+ 2.0 to —5.0 

9 

Left nerve evulsed 


+1.0 to —0.0 

10 

Left nerve cut 


+1.0 to —5.0 


The reading in the case of dog 10 was more difficult to obtain satis- 
factorily because different respirations gave different variations between 
the two sides. With certain respirations, one manometer reading varied 
as much as 1 mm. from the other; during the next respiration, an 
identical discrepancy might appear on the opposite side. There seems 
to be a certain degree of independence in movements of the two sides 
and not complete uniformity either for successive respirations on the 
one side, or for one side as compared with the other. The majority of 
respirations, however, are equal in amplitude and degree of negative 
pressure. During expiration, the pressure frequently registers zero or 
even small positive values. 

FUNCTIONAL CAPACITV OF ANIMALS AFTER PHRENIC 

NEURECTOMY 

In the foregoing experiment, it has appeared that compensation is so 
powerful a protective mechanism as to preclude the possibility of daiiger 
to respiration, e\'en though an important muscular structure has been 
rendered incompetent to carry out its accustometl office. Anatomically, 
it becomes apparent that the only effect of paraly.sis of one side of the 
diaphragm is to lessen the long diameter of the thoracic cage. The 
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may produce such great improvement that it may be advisable to postpone 
indefinitely the thoracoplasty of the lower part. - 

7 . The general rule of surgery, that other things being equal, the 
more difficult part of an operation should precede the simpler, may well 
be applied in thoracoplasty. The patient, also, will be relieved to feel 
that the worst is- over, and he will approach subsequent operations with 
confidence. 


ABSTRACT OF DISCUSSION 
On. the Papers of Drs. Lemon and Lilienthal 

Dr. Edwards S.: ‘Welles, Saranac Lake, N. Y. : I want to argue with 
Dr. Lilienthal a bit ah'out this incision on the clavicle down to the bone. I 
have not tried this '■ one, but have tried one a little higher. I used the one 
Dr. Alexander recommends, which is 6 cm. above the clavicle and 6 cm. long, 
in a transverse' direction. I have gone back to the up-and-down incision at the 
posterior border of the clavicle, with the lower end of the incision coming about 
1 inch (2.6 cm.) above the clavicle. I used to make the cut about 2 inches long 
and have now reduced it to 1 inch or less. I have two little retractors which 
I put in,-' one each way, cutting merely enough to allow room for the retractors. 
I think'‘the important thing is to find the nerve and nothing else, as Dr. 
Lilienthal says. He enters the incision and says the phrenic nerve and nothing 
else is here. At the point at which I enter, the phrenic nerve is present and 
nothing else, because of the way I do it. I lift the sternomastoid muscle out 
of the way, and some to a layer of fascia. Then I put in my finger before 
separating or doing anything further and feel the anterior scalene' muscle. The 
nerve is crossing on that diagonally, from without inward. If one finds this 
muscle first and exposes it, he has the phrenic nerve and nothing else. If 
when one has pulled the sternomastoid muscle out of the way, he begins to 
split the fascia, he always find a little pad of fat on top of the muscle. If that 
is split through and dissected by a blunt dissection, it is always easy to go 
down on the inside of the muscle, miss it altogether, and find that the dissection 
has reached the vertebrae; or one can easily go down on the outside of the 
muscle and run into various things. If one puts his finger in right at the start 
and splits the fascia on the middle of the muscle, he invariably finds the nerve 
and nothing else. The incision should not be 2 or inches (S or 6.7 cm.), as 
Dr. Lilienthal says, but not more than an inch long. As far as disfiguring 
scars in women are concerned, I do not think that it makes much difference 
whether there is a 1 inch scar an inch above the clavicle or a 1 inch transverse 
scar on the clavicle. If a woman wants to cover it up altogether, she has to 
wear a neckpiece in her dress, or something of the sort. If she is going to 
wear a low-necked dress, she will expose the clavicle anywas’’. I do not saj 
that this is not all right, but I think the other method is fully as good. 

One objection I have to Dr. Lilienthal’s method is that in operating on th 
left side one runs more danger of hitting the thoracic duct than in operating an 
inch higher up. In one case I cut the thoracic duct, and I have heard o one 
or two others who have cut it. This is not as serious as books would lea on^ 
to expect, but one does not want it to happen. I should be a little a rai i 
operating on the left side by Dr. Lilienthal’s method that if the thoracic uc 
arched a little above the clavicle, I might strike it in dissecting the pircni 
nerve. 
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the bases of the lungs and throughout the posterior surfaces of all of 
the lobes. In all the other animals, the lungs appeared perfectl\' normal. 
The phrenic ner\'e was traced in each instance .throughout its course to 
determine whether or not accesson* branches had been missed during 
the surgical operation. In one instance, a tint* twig was found passing 
into the main trunk below the point of section. The condition of tlie 
pericardium and heart was observed, but pathologic changes were not 
noticed, and, as in the pleura, no increased amount of fluid yras found. 
The diaphragm itself showed striking changes. One animal tliat was 
killed within tivo da)*s of its operation showed evidence or atrophy which 
was obser\'able in the gross specimen and represented by pallor and 
thinning of the muscle. The diaphragm on the side of operation \vas 
approximately one interspace higher than on the opposite side, and in 
those animals that had been under obseiwation for as long as three 
months the muscle was only a fraction of the thickness of that of its 
mate, pale and almost transparent. Even the hemidiaphragm in the 
animal that had a small unsevered branch showed marked evidence ot 
atroph}’ and could scarce!)' be distinguished from that of other animals 
in which the phrenic nerves had been ermlsed completely. 

Sections were taken from the posterior portion of the lower, middle 
and upper lobe of both sides, from the phrenic nen’es on the rivo sides 
and from both sides of the diaphragm. No difference could be deter- 
mined on microscopic examination of these sections of the lung. Appar- 
ently no pathologic change had resulted from the neurectomy. In the 
one instance in which both ner%*es had been sectioned, evidence of 
passive congestion was seen. Sections from the phrenic nerves on both 
sides were studied under the microscope; a comparison showed definite 
evidence of atrophy of the ner\'e fibers when differentially stained. The 
muscle was also atrophied in all instances on the side of operation, but 
remained perfectly normal on the intact side. 

To emphasize the effect of phrenic neurectomy a description of the 
observations in one case after operation and at necropsy is included. A 
dog was operated on, April 13, at which time the right phrenic nerve was 
dra^^'n up as far as possible and evulsed. The animal was studied in 
the usual way. On phj'sical examination, there was such similarit)' 
between the two sides that the side of operation could not be distin- 
guished from the normal; the dog’s physical fitness to do work was 
unimpaired and its intrapleural pressure was satisfactorily recorded and 
was bilaterally equal. The fluoroscopic examination showed that the 
right hemidiaphragm was paralyzed, rose an interspace higher into the 
thorax than the left and displayed short parado.xic movements. 

On September 11. the dog was reexamined and the observations just 
described were confirmed. He was anesthetized wdth ether for twent)' 
minutes, during which time iodized oil. 40 per cent, was slowly intro- 
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to be expected. If so, some of. them will be placed mesially and some laterally 
to the muscle. With- the use of the fluoroscope the operator can see the type and 
nature of excursion before operation and the effect on the diaphragm after he 
has ■crushed the main -branch and the accessory branches are revealed. It is 
necessary to keep on crushing the accessory branches until the desirable end 
is attained; this is- -a paradox. Until that, desirable end is obtained the 
maximum influence of -the paralysis of the diaphragm is not obtained. There 
are distributions of nerves so atypical that exercises may not cause complete 
paralysis. . ' - 

Dr.. Lemon said his manometer readings were identical after paralysis of the 
diaphragm on one side. However, the dog has a thin pleura, and man has not. 
If Dr. Lemon would employ the same method but use an animal with a thick 
pleura like the monkey or sheep, he would find a material difference, and that 
that difference would be a considerable reduction but not an abolition of the 
intrapleural negative pressures. 

We haye been able to make some study of the degeneration of the human 
diaphragm. We know that the degeneration begins promptly, that at the end 
of the fifth, week it is well advanced, and that motion of the diaphragm is 
recoverable six months after temporary block. We have tried to find out such 
means as would permit the induction of a temporary block, to avoid permanent 
reduction of vital capacity, which occurs in man. Injections of alcohol were 
tried but discontinued for two reasons; they are not dependable and it is 
difficult to inject the right amount of alcohol without spilling a little. If any does 
escape,, the amount of neuritis that can be caused is prohibitive. It has been 
found that by using a small ordinary forceps, clamping it tightly, and putting 
four bites of the forceps along the nerve that the paralysis can be made to 
last, approximately four months. 

Dr. Leo Eloesser, San Francisco: Under the influence of Dr. Alexander, 
within the last six months I have performed a thoracoplasty from the top down. 
It is too early to speak of results ; however, there has been no immediate spread 
of the tuberculous process since the operation. 

The results of Dr. Lemon’s experiments are disappointing in a way. They 
show that the phrenic nerve operation is innocuous — ^that it does not seem to 
make much difference whether it is done or not. Corper of Denver has per- 
formed the same experiments on man that Dr. Lemon has performed on the 
dog. He inserted manometric needles with both sides of the chest in unilatera 
pneumothorax and showed that the human mediastinum is a yielding structure, 
and that within certain limits the two pressures rapidly approach the same leve . 
So far as the technic of phrenic a-vulsion is concerned, it really does not 
make much difference, it seems to me, how the incision is made. The nerve >s 
easy to recognize in that it is the only structure in the neck which runs rom 
above downward toward the midline. All the other structures run dowm\ar 
and outward. 

Dr. Edward A. Archibald, Montreal: I hoped that in this discussion 
Dr. Lilienthal’s paper there would be an expression of opinion from t os 
who have had experience with the procedure as to the value of a two s a 
thoracoplasty' in the reversed order. Dr. Alexander proposed the metio an 
Dr. Lilienthal has been using it, that is, first resecting the upper ribs a 
phrenicotomy'. I should like to know in particular what has been - 

of others as to the incidence of fresh tuberculous invasion of 
following this procedure. The frequency -with which this complication o ow^^ 
the standard Sauerbruch procedure of primary’ lower rib resection ts no^ 
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In one of niy left-sided cases of phrenic nerve avulsion, a small quantity of 
slightly ornlescent fluid appeared during the operation which was thought to 
come from an injury to the thoracic duct. The avulsion was completed and the 
wound dressed; healing was uneventful. Knowing Costain’s experience, I do 
not believe that ordinary slight injuries of this structure would counteract the 
advantages of the transverse clavicular incision. In any event, with blunt dis- 
section the accident must be extremely rare. 

One more thing abouc the phrenic nerve. As shown in my single picture of 
the immediate result of phrenic nerve avulsion, in a few days we had a high 
diaphragm on that side, equivalent to about 500 cc. of air. I considered that 
important. The fact that the dogs could work after the phrenic nerves had been 
operated on is not the point. We are not discussing that. We are discussing 
the alteration of the internal pneumatic conditions of the human chest, and they 
are certainly altered when there is such a considerable rise of diaphragm. I 
agree with Dr. Archibald that we ought to operate by graduated stages. One 
rib too much is a great deal worse than three ribs too few. 
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patient; Treatment approaches the height of effectiveness as it is adapted 
to conform with nature’s methods and with the remaining potentiality of 
each patient ; it should be inaugurated promptly so that its most valuable 
■ factor, that of prevention, can exert its greatest influence. 

Tubercle bacilli, though low in virulence, are so high in viability 
that, once- they enter, tissues of even insusceptible hosts sometimes not 
only survive decades of encapsulation, perhaps in calcified lesions, but 
retain a measure of pathogenicity. The insusceptible are able, because 
of the competence of the structures providing resistance, defense and 
repair,- to inactivate the unexpelled parasites that have escaped destruc- 
tion, and to 'ehcapsulate them so promptly in rapidly healing lesions that 
the resulting cicatrix is too small to impair function. Susceptibilitj' 
results from incompetence of the structures affording resistance, defense 
and repair. In consequence, the tubercle bacilli are less promptly or 
less completely inactivated, if inactivated at all, and the involution of 
the disease is slower or its evolution is indicated by the increasing 
number, wider distribution and less favorable characteristics of local 
lesions. 

Local lesions are the battlefields whereon the campaign waged by 
the host against the invading parasites is won or lost. There is little if 
any difference in the vulnerability of the normal lung structure and in 
lung structures affected by such conditions as passive congestion, 
cicatrices and emphysema. The outcome of the battles — in other words, 
the nature of the local lesions — ^is therefore determined almost exclusively 
by the quality and quantity of the blood delivered to them. The rein- 
forcements delivered in the cellular and noncellular fractions of the 
blood enable insusceptible persons to control the invaders before they 
can establish themselves. The blood of susceptible persons contains 
inadequate combatant strength and the parasites are sufficiently virile 
to continue their offense, which is subsequently overcome by the least 
susceptible, checked by the moderately susceptible and somewhat retardec 
by the most susceptible hosts. 

Accordingly, the attention of therapists should not be diverted in the 
least from local lesions, but should be enlarged to include recognition 
of the systemic sources of native and acquired combatant influences that 
are present in the blood. Thus it will be possible to develop methods to 
protect and to improve the competence of the structures producing 
resistance, defense and repair, which are prerequisite not only to recover) 
from every disease but to the continued existence of even the mos 
robust. 

It has been supposed that the pathogenesis and histogenesis of the 
tubercle were established. Medlar’s ^ contributions show this to je 


1. Medlar. E. M.: Am. J. Path. 2:275-290 (July) : 401' (Sept.) 192rt. 
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was observed but no increase in connective tissue. It is possible that 
connective tissue might be increased in amount if the animals were 
allowed to live more than five months after operation. No observations 
were made over a longer period of time. 

The experimental work would lead one to believe that respiration 
is a complicated mechanism, made up of the combined movements of 
various sets of muscles each so controlled that coordination of movement 
is maintained, yet each so independent of the other that it may be put 
into dysfunction without disturbing the action of any others, singly 
or combined. Compensation is highly developed and a factor of safety, 
so that the animal crippled by the loss of even so important a structure as 
the diaphragm may not only sundve but be competent to live an active 
and a normal life. The alternative presents itself for coJisideration. It 
may be true that the importance of the diaphragm has been nvercsti- 
mated. 

Section of one phrenic nerve causes paralysis and atrophy of the entire 
hemidiaphragm on the same side. After five months there is no evideiice 
of cross innervation or of regeneration. Moreover, the evidence seems 
clear that the periphery of the diaphragm throughout its whole circum- 
ference suffers atrophy. If the branches of the intercostal nerves inner- 
vate this portion, their usefulness would appear to ])e extremely small 
and insufficient to prevent atrophy equal to that iji other anrl rctnotc 
areas, or to permit of contraction when the muscle is stimulated. 

Paralysis of one half of the diaphragm fails to affect respiration to 
the extent that aspiration of tracheal contents is prevented. The size of 
the thoracic cage is decreased in one dimension only. 'Phis reduction of 
volume produces no physiologic alteration from normal. 
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of hematopoietic cdls, manifest in advanced anemia, in the distorted 
proportions of leukocytes, in diminished blood volume and in hastened 
sedimentation rates, is more surely and rapidly corrected with transfu- 
sions' of unmodified blood, repeated until recovery is established. 
Expatients, particularly those who have recovered from more active 
forms of tuberculosis, are beneficial donors. The paraffined tube method 
is dependable. 

Transfusions are not without danger even though the blood of donors 
is most carefully checked against that of recipients and incompatibility 
is eliminated. Thrombosis and embolism occur, although rarely. Too 
rapid introduction of blood will dilate and incapacitate the right side of 
the heart, whicli is often the determining factor in recovery. Preserved 
bloo^TT-or blood treated with available anticoagulants — ^adds little besides 
increased oxygen-carrying power and should be used exclusively for 
thosg .^ceptional patients who are not toxic but who are gravely anemic. 

. 2. .‘Increased Amount of Blood Delivered with Least Cardiac Labor. 
— ‘According to Cloetta, the largest unit volume of blood is delivered to 
a unit volume of lung with the least cardiac effort when intrapleural 
negative pressures are reduced but not abolished. The vessels of a 
lung. in this position of incomplete deflation offer the least peripheral 
resistance to the flow of blood. Peripheral intravascular resistance rises 
if . the intrapleural pressures become atmospheric and the lung is in 
collapse, and is progressively much greater if the intrapleural pressures 
become increasingly positive and the lung is correspondingly com- 
pressed,^ Experimental and clinical observations have demonstrated 
that optimum reduction in intrapleural negative pressures follows inac- 
tivation and consequent upward displacement of the diaphragm. Under 
these conditions the deflated lung continues to function ; there is neither 
hyphemia nor cellular deterioration from lack of use. The improved 
circulation resulting from the diminished peripheral intravascular 
resistance manifests itself in increased powers of pleuropulmonary 
resistance, defense and repair, which are probably at their best. More- 
over, this is a defense response which occurs naturally in man and m 
animals in response to most acute and to some chronic irritations of the 
lung and pleura. It can be induced effectively by blocking the transmis- 
sion of motor impulses through the phrenic nerve. 

However, there is another noteworthy aspect. Individual com- 
petence, the ability to develop energy in excess of the amount require 

2. Yates, J. L. ; Effects of Acute and Chronic Pneumothorax, Am, J. 3c 
165:1 (Jan.) 1923. 

3. Yates, J. L.: The Significance of Vital Capacity in Intrathoracic Therap>» 
Arch. Surg. 10:477 (Jan.) 1925; The Significance of Vital Capacity in Intra- 
thoracic Therapy, Arch. Surg. 12:257 (Jan.) 1926. 



LIUENTHAL— TWO-STAGE THORACOPLASTY 


oOj 

ribs, and this seems to be the principal theoretical ground for delaying 
the upper stage. 

Briefly, the following are my reasons for preferring to resect tl:e 
upper ribs first: 

1. The advanced lesions, particularly cavities, are more frequent in 
the upper lobe, or even in the apex, than in the lower. The resection 
of the first five or more ribs has an immediate beneficial influence on the 
seat of the main lesions. 

2. As the operation is performed under local anesthesia, the danger 
of overflow is practically nullified by the patient's voluntary effort to 
expectorate, the principal power of the cough being applied by the 
lower, more freely moving ribs. 

3. The compression exerted on the contents of the chest by the 
mobilization of the upper ribs is more gradual than that which is 
encountered on resection of the lower ribs, because for obvious 
mechanical reasons it is practically impossible to exert direct force, ns 
by a bandage, on the apical portion. The cfifect is secured partlv by 
muscular action and partly by negative intrapleural pressure so that 
sometimes the final result is not obtained for weeks or even months after 
the operation. There is, however, an immediate and considerable reduc- 
tion in the capacity of the apex, sometimes amounting to its obliteration, 
because the first rib almost always drops so that its distal cut stirface 
is from one to two interspaces lower than the cut surface of its \'ertebral 
portion. 

4. The ph3'sioIogic changes due to the mechanics of the operation 
on the upper part of the thora.x do not cause such serious derangements 
of function as those following the operation in the lower part of the 
chest, where the amplitude of respiratory motion is greater. The mo=t 
serious of these derangements is displacement of the mediastinum toward 
the health}’ side, and this is much less marked in the upper part ni the 
chest than in the lower. When the time has arrived for the second stage, 
a partial adjustment to the altered state will have taken place so that 
there will he less shock from the displacement of the more juobile 
parietes in the lower part of the chest. 

5. It is essential that the first rib should be re.-;ected in order to 
secure rapid and good collapse of the ape.\'. Then. too. this rib i-; the 
keystone on which depends the drop of the ribs immediately below it. 
say the second, third and fourth, and there is dfuibtless an effect the 
])Ositioji of those lower down. ^^anJfcstIy. then, the greatest jjossjble 
reduction in the size of the hemithorax will not be secured unless this 
rib is cut. It should therefore be divided at the first stage, before tl’.e 
resected ribs below have become fixed in their new j>nsitionv, 

6. If the phrenic nerve of the same side lias been avulsed iireviou-h’. 
attack on the principal legion by resections of the fir^t five f>r six rib- 
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acute 01 - subacute adenitis may reawaken a process of the lymph glands, 
or a lymphotoxic disease, notably influenza, is followed by renewed 
activity of a pulmonary affection. Retained health is purchased by 
constant vigilance. 

SPECIFIC SECONDARY OBJECTIVES 

1. Alfci'afion of Intrathoracic Tension . — Thoracoplasty employed in 
treating pulmonary tuberculosis, like arthrodesis used in combating cer- 
tain forms of joint tuberculosis, is still supposed by some to be indicated 
almost as soon as a diagnosis is made. Thoracoplasty, like arthrodesis, 
is only a means to aid healing of a local lesion, a means to be avoided, 
if possible, because of permanently impaired function. The function 
impaired by costectomy is external respiration, which is fundamental to 
life, and the extent of the impairment is measured by the reduction in 
vital capacity. Vital capacity is normal when mobility of parietes is 
unrestricted, intrapleural negative pressures are within usual limits and 
pulmonary elasticity is unimpaired, provided that proper amounts of 
good blood are delivered through the lungs under appropriate pressure. 
Pulmonary tuberculosis tends to reduce vital capacity by impairing both 
the breathing and the circulatory units. No more reliable indication of 
the efficacy of treatment need be sought than vital capacity, which should 
be reduced as little as possible during the acute phase of the disease and 
returned as near to normal as possible during convalescence. 

If the object of thoracoplasty is to immobilize and to compress the 
lung, a consideration of the harmful effects of immobilization and 
compression which are not produced, even though costectomies are 
radical, might have a deterrent influence on its overenthusiastic advo- 
cates. Immobilization of any structure imposes deterioration on the 
cells affected, a progressive atrophy that tends toward necrosis and 
therefore reduces local resistance. It likewise produces hyphemia, 
which restricts the delivery of reinforcements needed to promote local 
defense and repair. Compression of the lung is not attainable even 
with complete thoracoplasty, but merely collapse, because the intrapleural 
negative pressures are replaced by atmospheric and not by positive 
pressure. But collapse restricts function, reduces the amount of blood 
delivered and increases the load on the right ventricle because intra 
vascular resistance is raised. 

The reasons for the good effects of thoracoplasty also establisi 
its indications. Recovery from tuberculosis depends on healing of tie 
local lesions. The healing in the insusceptible is so perfect that tie 
resultant cicatrix may be undetectable, or so slight as to be negligible in 
its detriment to function. Destruction of lung substance is minima. 
The repair of slightly more advanced lesions in which destruction o 
pulmonary tissue is less restricted produces a scar. If the cicatrice.'? 
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As far as drainage is concerned, I always used to drain as Dr. Lilienthal says. 
Now, when I make the small incision and blunt dissection described to reach the 
nerve, putting in no tie, I cut no vessels except in the skin. In the last twenty 
or twenty-five cases, I have put in one small subcutaneous suture, starting at 
one end of the cut, going back and forth and emerging at the top, with no 
drain. So far I have had no collection of serum inside that I have had to 
drain; there are no stitch holes after this method is used.- and tlic scar is 
almost imperceptible. 

As to Dr. Lilienthal’s method of performing thoracoplasty, I think he is 
right. I believe that what he says about the lack of danger of pushing down 
secretions from the upper lobe cavities into the lower lobe is true, because the 
lower ribs are the ones used for coughing and expelling secretions. If the 
lower ribs are left intact, there is no danger of pressing secretions from the 
upper lobe down, because even if they do go down, the patient can cough them 
up. Patients cough much better after an upper stage thoracoplasty than after 
a lower stage operation. I have been doing most of my operations in that 
order lately, and have preceded practically all of them with a phrcnicotomy. I 
think it is well to do a phrenicotomy first before attempting- tlioracoplasty 
downward. In the first place, the patient raises more easily after phrenicotomy 
and, as Dr. Lilicnthal states, in a good many cases fewer ribs can be taken out. 
I have not had any cases in which I could resect only the upper five, but I have 
had a number of cases in which I could stop at about eight or nine, instead of 
resecting the full eleven; the diaphragm rose up as far as the ninth rib, or 
even to the eighth, and I found that after taking out the upper eight rib> and 
then making a roentgen-ray examination to see how much collapse there wa.«, 
that I had reached the diaphragm and that it would be a waste of time, to 
remove the ninth, tenth and eleventh ribs. 

Dr. Lilienthal spoke of doing the worst stage of the operation first. 
Technically speaking, it is true that when one has the upper stage done he has 
completed the hardest job, as far as the surgeon is concerned, but I think the 
contrary is true as far as the patient is concerned. The lower stage is the 
dangerous one. It is all right to tell the patient that the worst stage has been 
done, provided the surgeon does not let himself believe that his worries arc 
over, I find that patients do not have much shock after operations on the upper 
part of the chest or suffer much afterward. I do not think the upper stage is 
nearly as dangerous as the lower. The upper one should be completed and 
then the lower stage approached with fear and trembling if the patient is very 
sick. One should proceed cautiously' and stop at any time th.nl the pu1-e get'* 
weak, bccau.se it is following the lower stage th.nt mediastinal flutter and 
circulatory embarrassment occurs, if at all. 

Dr. Johx L. Yates, Milwaukee: Dr. Lemon’s pictures showed that in dog- 
as well as man the motor fibers conducting motor impulses to the diaphragm 
arc not of necessity included in the main phrenic trunk in its cervical portion. 
If one operates on a series of patients to produce temporary block, one find*- 
that three of five people have all the motor nerves in the main phrenic br.nnch. 
In the other two some of the fibers transmitting motor impulses are <li'.tri!)ut<.-d 
in accessory branches. The main branch may be one. two or three. In attempt- 
ing to produce temporary block, it is necessary to operate on tlie-e patient^ 
on the fluoroscopic table. Dr. Welles’ injunction to locate the amerii)r •^caltm 
muscle as soon as the incision is made is the keynote to succe*'. .Afte.'- the 
anterior surface of this muscle has been cleared by blunt di'-'*ecti<>n. one can 
quickly tell by the siye of this phrenic trunk v.hetlur arce-**‘'ry br.'-.nche* .are 
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none has been subjected to any recognized danger that seemed unwar- 
ranted ; neither has operative assistance been denied any patient whose 
complications were not of necessity fatal. The purpose has been to 
provide patients with opportunity for extension of life as well as 
recovery and not to -accumulate statistics that might be imposing. 

•At first only those more seriously affected were subjected to opera- 
tion; Some improved remarkably; then others consented; some asked 
to be givem similar opportunities. Gradually, the less seriously sick are 
being subjected -to phrenemphraxis. Records of physical, roentgen-ray, 
blood and sputum examinations and of vital capacity estimations have 
been kept- in -addition to the usual history sheets. A summary of the 
more essential facts accumulated will be given. . The particular purpose 
is to indicate the benefits obtainable from consecutive treatments based 
on the natural responses, with special reference to sunshine, transfusion 
and nerve blocking. 

Means f o Improve the Quality of the Blood . — ^The values of rest and 
diet are established. A more difficult matter is to secure cooks of proper 
competence, particularly when pay is restricted and employment is on a 
civil service basis. The management of few institutions unhampered by 
legal restrictions is seldom able to appreciate that money spent for high 
grade foodstuffs is largely wasted if preparation and service are medi- 


ocre. 

The beneficence of sunshine for most patients, if it is not permitted 
to raise the metabolism too high, is not sufficiently appreciated. Facilities 
at Muirdale for living all the year in fresh air with opportunity for direct 
exposure to sunshine are still limited. The greater improvement of 
those who are in the pavilion provokes jealousy of many it cannot 
accommodate. Moreover, the anxiety of those accustomed to it to return 
when they have been transferred to other quarters after operation 
confirms the impression of its value. Other suitable quarters are to be 


supplied. 

Transfusions have not been used as frequently as indicated. There 
has been difficulty in providing donors. Enough observations have been 
made to show that a patient suffering from advanced lesions, but with 
some reserve competence, can be given a necessary boost toward recovery 
with one transfusion whereas another whose local disease is less advance 
but whose reserve powers have been dissipated will profit little from 
several transfusions. Extraordinary care must be used in selecting 
donors and in the methods employed. A serious reaction provoked y 
ill-suited blood or by methods that bruise it mechanically and alter t ie 
blood chemically may suffice to cause a fatality. Heart muscle, alrea } 
fatigued and intoxicated though not irrecoverably impaired, is unable to 
withstand added stresses, particularly if they are added abruptly. Hence. 
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known. One wishes to compare the two metlioris. It seems to me that tlie 
reversed procedure depends for its adoption '.on- the - demonstration of its 
capacity to lower the incidence of the spread- of > infection after operation. 
That, indeed, was the initial thought in Dr. Ale.xander’s .mind for ■ reversing 
the procedure. On that the ultimate decision rests.- -I have reviewed my own 
figures in that respect carefullj'. I have also reviewed Brunner’s statistics of 
117 cases carefully, as Alexander did. I fail to find in the rest of the literature,' 
except for an occasional half dozen cases or so, accurate case reports suffi- 
ciently lengthy to enable one to form an independent judgment. Consequent!}',' 
this particular question is still undecided. I hesitate to reverse the order of 
procedure, because I find that in my own figures (in .practically all -cases 
thoracoplasty being performed from below upward and in -two stages) the 
incidence of death from fresh tuberculous invasion is so -low that I cannot 
understand how one could expect lower figures from the reversed procedure. 
Those figures are briefly that in ninety cases of posterior thoracoplasty, of 
which seventy-eight were total and twelve partial, the latter being performed 
because in most of them there was an artificial pneumothorax over the lower 
part of the lung, only three deaths occurred from the spread of tuberculosis. 
One of these was on the eighth day after a one-stage procedure,, one on- the 
sixth day after a simple phrenicotomy, and one in the fourth month. . In the 
last, the responsibility of the operation might easily be doubted. TIjc- incidence 
of death from pneumonia following total posterior thoracoplasty is as.'low as 
2.2 per cent. 

The argument is sound theoretically; practically, I question it. Dr. 
Alexander speaks of the high mortality from the spread of tuberculosis as 
reported in the general literature, taking his figures chiefly from the German ' 
and Swiss reports. My own feeling is that in this country things arc done • 
differently. There are other factors to be considered besides the order of rib 
resection. For instance, in the older countries they do not understand anes- . 
thesia as we do. On the other hand, they have been using local anesthesia, 
freely, which predisposes to infection of the wound, and tliis predisposes to 
pneumonia. I counted forty-six infections of the wound in 117 cases as reported 
by Brunner, of which six were so severe as to cause death. Such fatalities 
do not occur in this country. In wound healing we can do better than that. 
The argument is complicated. Success does not depend on one factor; it 
depends on many factors. Until reports have been compiled of a sufficient 
number of operations by the reversed procedure, from above downward, show- 
ing an incidence of spread of tuberculosis as low as that of tlic ordinary 
procedure, I should hesitate to change the order. I still feel that Sauerbruch’s 
warning as to aspiration pneumonia of the lower lobe when the upper ribs arc 
resected first is justified. 

Dr. Howard Lilienthal, New York: In answer to Dr. Welles. I would say 
that I did not go into the details of the operation. To palpate the anterior, 
scalene muscle is the general practice. He says that it docs not matter whether 
the scar is in one place or in another; but we have learned that in working 
about the neck, scars in the sagittal direction will tend to spread and produce 
keloids in many cases. These ugly scars also become indrawn. If the incision 
is made on the clavicle, the bone afterward supports the tissues so that there 
is not the slightest indrawing or the slightest dimple. This transverse scar is 
practically invisible at the end of about si.x months. 

I use no skin sutures, but I employ metal clips wherever I can and take 
them out in four days. Tlicy leave no marks. If left in for more than four 
days, they may leave small suture points for a time. 
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Exeresis has been, performed sixteen times at first operation when 
a permainent' block seebied indicated and twice after a temporary block- 
proved insufficient. •; . 

Effects of Diaphragmatic Paro/y/jw.— Immediately after -induction 
there is often tachycardia for a day or two ; coughing and expectoration 
are increased, and a 'rise in temperature is frequent. Iiitrathoracic 
distress is usually reduced if it has been present. Then general improve- 
ment is the tule. The patients feel so much better that their testimony 
must be discounted! Coughing and expectoration decrease; there is 
diminished activity the temperature is lower; the blood improves and 
vital- capacity is higher. Improvement in the more fortunate is con- 
tinuous. In others it is maintained until the diaphragm regains motion. 
In 'some the improvement lasts for a month or two and then they begin 
to 'retrograde. Improvement in the least fortunate is largely imaginary 


Effects of Nerve Block on Ninety-Four Patients 


■‘0 ' 

r-" i • ! 

No. of Phrenem- 
Patients pbraxls 

Both Phrenem- 
pbraxis and Im- 
Exeresis Exeresis proved 

Unim- 

proved 

Died 

Oroui} f:- Par advanced bilateral; 
prognosis unfavorable 

12 

8 

3 

1 

6 

'l 

5f 

Gronp.II; Far advanced unilat- 
eral: brbgnoals unfavorable. . . 

22 

9 

8 

0 

16* 

4 

2 

Group III: Moderately advanced, 
pleural adhesions; pneumo- 
thorax Impossible 

Group IV: Moderately advanced, 
no pleural adhesions; pneumo- 
thorax possible 

43 

39 

3 

1 

40 

2 

1 

14 

14 

0 

0 

12 

1 

1 

Group V: Incipient but active... . 

3 

3 

0 

0 

3 

0 



* Five of tbese patients were subjected to thoracoplasty. In two, one stage ..ufflccd. 
in one, two stages, and in two, three stages were required, 
t No death in the series resulted from operation. 


and born of hope. None, so far as can be determined, has been injured 
except the patient who died from an unrecognized contralatei'al spon- 
taneous pneumothorax, and this occurred before the present staft 
organization was effected. 

The effects of nerve block on ninety-four patients observed long 
enough to be indicative are given in the accompanying table. 

FIVE GROUPS OF PATIENTS 

A review of the observations made has established errors, principal!) 
of omission, and suggests corrections. The number of our patients 
subjected to treatment is too small and the periods of observation too 
limited to justify more than tentative opinions. HoAvever, most o tie 
patients were under observation for months, some for years, le ore 
special treatment was begun. The majority have been under continuous 
observation since. Their progress has been compared with that o ot ie 
patients with similar conditions and, except for operations, gi\en tic 
same care. So, too, it has been possible to compare the effects of trans 


RATIONALE OF OPERATIONS "HEL^ifUL IN PRO- 
MOTING RECOVERIES FROM PULMONARY 
TUBERCULOSIS ’ / ' 

J. L. YATES, M.D. 

MILWAUKEE 

All who escape untimel)' death from other causes are infected with 
tubercle bacilli. The majority are insusceptible and develop no recog- 
nized evidence of infection. The minority are of three grades of 
susceptibility. Those of least susceptibility recover siJontaneously, often 
despite maltreatment. The moderately susceptible may recover if aided 
promptly and properly, or may arrest the progress of the disease spon- 
taneously. The disease in the most susceptible may be arrested if treat- 
ment is favorable, or its progress may be only retarded. 

The strength or weakness of resistance, defense and repair deter- 
mines insusceptibility and the grades of susceptibility. Because they are 
the products of activities of cells, they are not static but dynamic, and 
are constantly fluctuating, fluctuations are irregularly periodic and 
tend to take two courses. The more common course is downward. 
Through fatigue and exhaustion caused by unhygienic living, by inter- 
current diseases and by age, people tend to forfeit more or less of their 
inherent stamina. Thus, insusceptibility may be replaced by susceptibility 
and the grades of susceptibility are intensified. Exceptionally, persons 
inherently of less competence live so wisely as to develoji and to con- 
serve the strength of their combatant cells. They become less suscep- 
tible or may even acquire insusceptibility. 

The primary therapeutic aims are to prevent the insusceptible from 
becoming susceptible, to lessen degrees of susceptibility and to restrict 
exposures to infection. Secondar}’- objectives are to employ without 
delay every means to aid in checking the progress of the disease, to 
enable each patient to approach as expeditiously and as closely as pos- 
sible to the status conferring insusceptibility, and to maintain that highest 
level of improvement against the constant menace of recrudescence. 

The specific obligations of treatment are to reduce offense, to aug- 
ment defense and to conserve energ)*. The means to fulfil these obliga- 
tions are the exclusive property of no school or specialty. They cannot 
be determined by human authority although they must be modified by 
experience. They are established by knowledge of the focal and dis- 
seminated destructive actions of tubercle bacilli, the local and systemic 
responses provoked and the existing offense-defense ratios in each 
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THORACOPLASTY 

. \ 

Experience in per,, rmifig costectomies on patients prepared by 
previous' nerve block" ah. I 'perhaps transfusion supplementary to proper 
hygienic riieasure?."'i|3. ‘limited. All told, eleven patients have been sub- 
jected to twenty-tiwo, resections, although only five are included in this 
series. •• The . following -points have been established: Nearly complete 
removal of each rib is more desirable than incomplete resection. If a 
few ribs aPe removed at one operation and intervals, between operations 
are suiificient)’.,the number of ribs finally resected, from three to eleven, 
is determined ' y-, individual requirements. Healing is excellent, and, 
except, for., acc: lents, which are largely avoidable, death almost never 
occurs.' - Failure to urge costectomy has been responsible for the failure 
of some patients to recover. 

ERADICATION OF IRREPARABLE LESIONS 

As stated in the foregoing, no operation that eradicates the ‘lesions 
completely has been performed. The need of patients for the relief 
given only by operation makes it necessary to assume risks and to 
detei^mine the safest procedures. To the present time, progessive 
cauterization as conceived and ably executed by Graham offers a probable 
solution. 

SUMMARY 

A proportion of patients seek help after they are beyond relief. 
Another proportion, those of the highest grade of susceptibility, are 
doomed. The balance will be given the best opportunity for recovery if 
measures are employed without delay to augment and conserve their 
powers of resistance, defense and repair by cooperating with nature. 

The means to cooperate with natural processes are not defined by 
dogmas of therapeutists but by biology, not by erroneous human doctnnes 
that fluctuate with a current popularity, but by immutable laws o 
nature. The object is to improve the quality of blood in circulation, 
to increase the quantity delivered to the local lesions and to conserve an 
develop the competence of each patient. 

Available methods are in part nonoperative, in part operative. 
employed in conjunction so as to provide each patient with opportumt} 
for undelayed recovery without undue danger and distress, they consti 
tute the most effective treatment. 

The obligation is not to determine whether any given 
superior to any other, but what combinations of all methods, o an 
new, can be the most helpful to each patient. 

The purpose of this article is to suggest the rationale and to il 
the effectiveness of transfusions of blood and of induced paralysis o i 
diaphragm when used to supplement other methods, one of which s lou 
be suitable exposures to the direct action of sunshine. 
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erroneous and provide bases for a broader and more accurate conception 
of the entire process. This indicates that conceptions of the nature and 
sources of the constituents of the blood that combat the activities of 
tubercle bacilli in vivo, wofully limited as they are. are subject to revi- 
sion. Nevertheless, enough facts are established to justify alterations 
and innovations in clinical methods. For example,, it is known that 
the motlier cells of the various blood corpuscles are irritated by the 
products of the activities of tubercle bacilli, particularly the erythroblasts. 
neutrophilic myelocytes, lymphoblasts and megakaryocytes. . In conse- 
quence the blood picture is altered ; some changes are beneficial, others 
detrimental. Hastened sedimentation rates have demonstrated untoward 
alterations in constituents of the plasma. Moreover, it is known that 
during intervals of improvement, and more particularly with continued 
progress toward recover)^ the detrimental alterations in cells and in 
plasma tend to disappear. 

Consideration of all established facts pennits recognition of the 
objectives of treatment and simultaneously indicates feasible measures. 
The objectives are twofold: primarity, to promote permanent recovery 
from the disease by helping to increase and to sustain the competence 
of structures providing resistance, defense and repair, that is, all struc- 
tures concerned in the production and deliver}' of blood, the entire 
circulatory apparatus; secondarily, to assist patients to combat lesions 
they are unable to control spontaneously. 

The specific primary objectives are: (1) to improve the quality and 
maintain a proper volume of blood in circulation; (2) to increase the 
quantity of blood delivered to affected lungs and to minimize the expen- 
diture of cardiac energy, and (3) to encourage effective hygienic living 
afterward. 

Specific secondai'y objectives* arise after the primary Iiavc failed. 
They ai'e ( 1 ) alteration of infrathoracic tension bj’ repeated coslcctomics 
so that after requisite spontaneous readjustment the lung will receive 
enough good blood to effect repair, and (2) eradication of such lcsi<ms 
as prevent recovery and cannot be repaired. 

SPECIFIC PRIMARY OBJECTIVES 

1. Improvement of Quality and Maintenance of Volume of Blood . — 
The sources of energy for tissues, including the hematopoietic, are ingesta 
and sunshine. So long as cells concerned in blood production are neither 
overfaligucd by replacing blood lost through destruction or hemor- 
rhage nor incapacitated by intoxication, they can recover spontaneously 
if their burdens are reduced. Re.st. suitable diet and exposure.*: to the 
direct action of sunshine, controlled according to the regimen <n' Rollicr. 
suffice to reeslablisb their ititegrity and function. Greater iticompelence 
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do with the progression of the disease: when the patient gets better, the diaphragm 
again begins to move. I think for that reason alone that nature seems to be 
pointing the way toward the treatment that Dr. Yates has given these patients, 
both by operating on the phrenic nerve and by the other forms of therapy that he 
has employed. 

Dr. a. L. Lockwood, Toronto: I wanted to ask Dr. Yates just one question 
in regard to phrenicotomy in an entirely different matter from thoracic work. 
I think you all appreciate the fact that the mortality in ventral hernia is high in 
people over a certain weight. We made a study of people weighing more than an 
average of 165 pounds (7^.8 Kg.), and I would be ashamed to tell you what we 
found the mortality to be. Last year it occurred to me to question whether it 
would be' feasible or whether we could get sufficient change in intra-abdominal 
' pressure following phrenicotomy to make it justifiable to inject the nerve before 
attempting repair of ventral hernias in obese patients. We would relieve the 
pressure just enough so that probably we could operate on a larger number of 
th6se patients with less risk. I am not absolutely convinced as to the value of 
living fas'cial sutures, although I have used them only eighteen times. I have 
followed a fair number and have not been absolutely convinced, because one of 
the patients I have in my care at the present time has had one repair. He has 
a tremendous abdomen. I do not know how to treat it. I should like to know 
Dr. Yates’ opinion as to whether the injection of the nerve to give temporary 
relief cn one side would relieve the intra-abdominal pressure sufficiently. 

Dr. John L. Yates, Milwaukee: Abnormal spastic contractions of the dia- 
phragm preceding flaccid relaxation and the forcing of the diaphragm into a high 
position occur in man and in animals when irritations of either visceral or parietal 
pleura are induced or develop spontaneously. Besides the clinical observations 
indicating the efficacy of improving the quality and increasing the quantity of 
blood delivered to lungs in helping patients to combat tuberculosis, other studies 
have shown that animals and man, whether suffering from acute or chronic 
pleuropulmonary diseases and wounds, could be similarly benefited. We are 
convinced that pleuropulmonary resistance, defense and repair are at their best 
when the lung is in a position near that of mean inflation and its excursions 
above and below this mean are restricted. We believe this position is assure 
by paralysis of the diaphragm and is manifested in natural defense responses. 

It should be recognized that there is one unavoidable danger from phrenem- 
phraxis. A certain amount of compensatory emphysema is produced m tie 
contralateral lung. If there is a sui>erficial lesion of this lung, it may rupture an 
produce a spontaneous pneumothorax which, if unrecognized and unrelieve 5 
aspiration, can cause death. This accident, though rare, is noteworthy because 
is easily recognized and remedied. 

Dr. Archibald asked what effect is produced on the apex of the lung w len ic 
diaphragm is paralyzed. If the chest is free from adhesions, the reduction 
intrapleural negative pressures affects the entire lung, and a rather 
incomplete deflation results. If there are adhesions about the basilar o c s^^^ 
ciently firm to prevent the diaphragm from being displaced upwar , , 

effect, especially on the apex, will be reduced or absent. This has been es a i 
clinically by the futility of employing diaphragmatic paralysis in com lating e 
of the lower lobes, particularly in bronchiectasis. . 

Dr. Lambert is requested to refrain from spanking our pet chil too 
The quality of blood in circulation must be improved if patients are to re 
full opportunities for recovery. This is basic to all therapy. It is 
urgent to increase the quantity of blood delivered to local lesions, par »cu < 
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to support inactive existence, depends on- internal respiration, which is 
commensurate witli vital capacity. Vital capacity is materialh- reduced 
by inactivation of the diaphragm ; hence, the wisdom of inducing, when- 
ever feasible, a temporary block of the phrenic nerve (phrenemphraxis) * 
rather than assuring a permanent paral 3 'sis of the diaphragm b\' excrcsis 
or radical phrenicotomy,® Thus, persons who recover are not irreparably 
handicapped by the treatment they have received. 

3. Hygiene in After-Care . — little can be. added to the established 
details of after-care. Periodic physical and roentgen-ray examinations 
of the lungs are insufficient. Determination of vital capacity and blond 
examinations, inclusive of differential counts and estimations of sc<li- 
mentation rates, will occasionally reveal incipient recrudescences before 
they may otherwise be recognized, and usually indicate the seriousnc.ss of 
the problem. At such times a transfusion or two will accomplish -much 
toward reestablishing a proper margin of safety, a greater preponderance 
of defense over offense. It is too seldom recognized that patients suffer- 
ing from any form of tuberculosis are never cured. However complete 
the recovery or how protracted, those who have suffered from the disease 
will usually carry living organisms sufficiently pathogenic to renew their 
attack if the encapsulating lesions are disturbed and if the systemic 
sources of defense are weakened. Therefore, repeated reinfection i.s 
inevitable. The danger is illustrated by the frequency with which ah 

4. Yates, J. L.: Operations as Adjuncts in the Treatment of Pulmonary 
Tuberculosis with Special Reference to Induced Diaphragmatic Palsy, Wisconsin 
M. J. 25:273 (June) 1926. 

5. The fibers that conduct sensory impulses from tlic tendinous portion nf the 
diaphragm and motor impulses to the larger portion of it<; muscle are united in the 
phrenic nerve in about three out of five persons. Tlie less typical distributions 
in the others arc too numerous to describe or even to remember, were they all 
recorded. It suffices to know that instead of the main trunk two, perhaps three 
branches, may lie on the scalenus anticus muscle. Or tliere are accessory firanches 
lying lateral or mesial to the muscle. Some may contain only sensory fillers. 
When attempting to cause a temporary block, and crushing is the nio«t dependable 
method, it is necessary to locate all branches that transmit motor impnlses. The 
presence of accessory branches will be suspected when the main trunk is unusually 
small. Then an effort is made to discover nerve twigs in the common and 
uncommon positions. Operations arc pcrformctl on a fluoroscopy table. As 
nerves that bear motor fibers are crushed, the diaphragm contracts and then 
relaxes. Relaxation is complete, and a parado.x appears when all the motor 
impnlses arc blocked. If the degree of immobilization obtained is insufficiem. 
search for additional branches is continued until the desired result is obtained. 
Permanent paralysis is readily produced by c-xercsis unless the pleural adlie<-ion.< 
arc extraordinarily dense. Then the amount of traction ref|uired and the distress 
are prohibitive. It has sufficed to withdraw as much of the nerve as seems safe, 
cut distally as low as possible, and resect the pro.ximal portion. One may not 
expect always to succeed in producing a complete paralysis. Exercsis rarely fails. 



ACCESSORY .THORACOPLASTIS OPERATION FOR 
v'\COL'LAPSE OF LARGE TUBERCULOUS 

CAVITIES 

E. S. WELLES, M.D. 

SARANAC LAKE, N. Y. 

One-.pf the most discouraging features of the surgical treatment of 
pulmonary tuberculosis is the failure of apical cavities to collapse com- 
pletely following paravertebral thoracoplasty. In a fairly large propor- 
tion of the cases in which there is a cavity.'of large size, on examining 
the postoperative roentgenograms, .one . finds that the cavity is reduced 
to one half or one third or even one fourth of its former dimensions. It 
is a natural tendency to regard this as a good result, and the surgeon is 
inclined to consider the case as satisfactorily completed and to hope that 
in the following six months the remaining space will close in by natural 
processes of fibrosis and shrinking of the whole lung. Too often, 
however, this further collapse does not occur, the patient continues to 
raise several ounces of sputum every day, and the cavity is found to be 
just as large as it appeared in the roentgenogram made immediately after 
operation, or even slightly larger. The next procedure to undertake is a 
difficult question to decide. To operate again in the back and attempt 
to remove the plates of bone that have reformed from the periosteum 
left at the previous operations and to take out further sections of ribs 
under the scapula is a procedure the difficulties of which can be 
appreciated only by one who has attempted it. When these difficulties 
are overcome, the resulting compression may be disappointing and make 
no alteration in the size of the cavity. Anterior apicolysis is probably 
the operation of choice, as by this method the apex of the lung with its 
parietal pleura can be peeled downward, forcibly compressing the cavit} . 
One of the various types of plug must then be employed to fill i^^ 
top of the chest, obliterating dead space and keeping the lung from 
reexpanding. The fat transplants of Tuffier and the paraffin or gauze 
packs used by the Germans have not attained popularity in this coun^ • 
The pedicled muscle flaps proposed by Archibald seemed at first to o er 
a satisfactory solution to the problem. Unfortunately, however, in t m 
persons the muscle transplant is not sufficiently large. Even when mos 
of the pectoralis major and all of the minor is used, and even in tiose 
cases in which the flap appears adequate, there are later shrinkage an 
contraction which diminish the apical compression. The operative s loc ^ 
following apicol)^sis is fully as great or greater than that produce 
posterior thoracoplasty; there is always the risk of breaking into tie 
cavity during the difficult separation of the pleura from the ribs, an on 
the whole the operation is far from satisfactory. 
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are sufifidently numerous, the total efrect h to cau^e fiuroy.- ano fmr/arre'; 
pulmonary elasticity and to alter intrathoracic tension. Ot'.er more 
adt'anced Ie.sion.= assodated ivith greater destrudhn of lung suijsVir.ce 
cannot heal heezuse the contraction of the .scar necessary to T/:rmh 
complete repair is prevented hy the contrary parietal traction tran.-mittec 
u.sually through pleuritic adhe.sion=. Hence, if enough rih=, v/hich i.ave 
acted like the ridge pole of a tent and prevented contraction, are removed 
so as to permit of contraction, repair vrill he fo.stered if the hlood 'upply 
is adequate. 

Hence, the plan is to begin operative treatment no* v.-itl; tl.o.-nco- 
plasty hut v/ith improving the quality of the hlood and hy inducir.cr 
paralysis of the diaphragm. Alterations of intrathoracic tension ti.*:s 
induced may suffice to fjcrmit healing. If thi.= fails to produce nece-. -ar;.' 
improvement in a month or tv/o, then ribs may be rfnuoved, a fe r at 
a time from belov/ upward, or from above doovn'.vard a- 
seems best, with sufficient intervals between operation- to deter- 
mine when enough hat'e been resected. Resections should be radical, 
i. e., extend from behind the a.ngles fon.vard to include some of tl.e 
costal cartilages. This produce.^ the greate.=t effect with each re-e'uion 
and helps to limit the number of ribs it is r.eccssarv' to rem.^-ve. Ti.e 
total incapacity from diminished external re.=piration may th::- be limired 
to necessity; deformity is restricted and the more easily covered. Mo.-e 
significant .still, the operati’/e mortality is virtually abolished. Tiv 
operative burdens are limited, and the patients are ’vveil pr'^g^ared *o 
sustain them. They have already been provided v/ith blood and 
become accustomed to altered intrathoracic ten-ion from tlie pr< •'/•dir.'-' 
paralysis of the diaphragm. 

2. Eradication of Irreparable Lesionr Intrrfcri’.n c-./.'/: Re-orv,"”. — 
considerable number of patients are able to a^hv. e h.'^Iir.e' ''■f an but 
a few larger Ie.sions. usually a crivity or a clu-*er f.: ertvitie-. r<-.r.f;n'-d v 
one lobe, frequently the upper lobe. They are !'.ara--ed f-y '"''-uui.inv, 
raise considerable sputum containing many organism.- and are b' ld in : 
st/ite of chronic invalidism until their defen-e weaken-. They -ucrumb- 
frequently to a pneumonic e:cten=ion of the proce—. LoV-'-rom.v i- 

indirated and is fe/isible if performed v.dth a cautery inrrvlucee r,;.- 

riraham. Several patients have been advised to accept r’.e ri=‘ - o: t'u's 
fip'-ration. Xone has accepted. 


-r.: . 


A -erie- of 100 patient- Iiave been trea*f-: r r.:- r:..hy • i*h 

plan outlined in the forecf'-inc'' dtrrinc' the i':=: tv/., y-a-- in - y-ra*:'": 
with the =taff at Muirdaie Sanat/ r:::m for Titb^r-ui' -^-, an ra-ti-ut: -*' 
c'^indimt'-d bv ?.jTlv.ri':b''-e f'or.r.'.v. Th'- nn'i'-n*- I.ave n't I, ---; c^. y 
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It is to avoid the necessity of these undesirable measures that the 
following procedure is proposed. The operation is not presented as a 
new or an original one, but is being drawn to the attention of thoracic 
surgeons as a valuable adjunct to the routine posterior thoracoplasties, 
to be used promptly as an additional stage in the operation in the cases 
in which incomplete collapse is secured. It consists in the removal of 
further sections of the upper ribs through an axillary incision. 



Fig. 3.-W.- J. M. three weeks after figure 2 
in the size of the cavity. This was accompanied by an mere 

procesdure 

The patient lies on the back with the arm J. ^^inous 'por‘'°" 

incision is made in the anterior axillary J seventh rib. Skin 

the pectoralis major and extending downwar _j _5 jarge vessels or 

and subcutaneous fat are cut through and as no muscle , a 

are encountered, there is little bleeding, an e . ^ ^l,g digitations o 

line posterior to the origins of the pectorals ,vitli a periosto^ 

the serratus magnus. Beginning wi* t e ou ’ ^ under the pectoral to 

elevator is at once begun, and the rib is are „ to the cut c 

cartilage, and backward under the serratus its entire length and 

left by the posterior thoracoplasty. T e ri is ^-obably the seventh, 
the prLss is repeated with the third, fifth somewhat more 

ing on the location and size of the cavity. The second rih 
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there is need for paraffined tubes and that tliey should be filled rapidly 
so that they may be emptied more deliberately and the transfusion termi- 
nated if signs of distress appear. Transfusions have not pro^'oked 
hemorrhages in these patients. On the contrary, they replace serious 
losses of blood and may contribute to a cessation of dangerous bleeding. 

Induced Paralysis of the Diaphragm and Phrencmphraxis . — Cntshing 
the nerves conducting motor impulses to the diaphragm has been per- 
formed on eighty-five patients ( seven tj'-eight in this series;. The 
operative dangers are those incidental to infection, which are negligible. 
Those due to injuring other structures are avoidable. ; There is one 
postoperative danger. A measure of contralateral emphysema is pro- 
duced as a rule by induced paralysis of the diaphragm.. A superficial 
lesion of the supposedly sound or less involved lung can be ruptured and 
lead to a spontaneous pneumothorax which, if unrecognized and uncon- 
trolled by aspiration, may lead to death. One such fatality has been 
noted ; another was avoided by removing the air. Diagnosis o.f pneumo- 
thorax with a fluoroscope is eas)' and certain if the physical, signs are 
confusing. 

The dangers of subsequent hemorrhage are reduced. A few j^aficnts 
have raised blood streaked sputum some days after operation : one died 
from a single profuse hemorrhage from a bronchial artery on the third 
day before help could be given. Probably the destruction of the arterial 
wall was little influenced by the procedure. One patient in whom con- 
tinued losses of pulmonary arterial blood threatened life did not bleed 
after phrenemphraxis. Another, lethally exsanguinated from repeated 
bronchial arterial hemorrhages received a blood transfusion aiul the 
nerve was blocked. He bled again that night; he was given another 
transfusion, and the bleeding ceased. 

Exeresis . — The nerve has been withdrawn from the chests of eighteen 
patients. Twice withdrawal was incomplete and a phrenicotomy was 
performed. Twice the thoracic duct was torn and ligated without any 
noticeable handicap. 

Effects on the Diaphragm Noted xoith the Plnoroscopc . — Since 
e-xperience has shown the importance of obtaining relatively complete 
relaxation, particularly that which leads to a jjaradox fthc affected side 
rising during inspiration), and has taught how to finrl accessory 
branches, the majority of the operations performed have been satisfac- 
torily eff ective. Exeresis failed to pn»duce complete paralysisinonlyonc 
patient. .According to the amount of crushing employed, blocking can 
be made to last from two to five months. Degeneration of muscle is 
well advanced in six weeks, but apparently is recoverable iqj to vi.v 
months. One patient thus far is known to have a jx-rmrsnent bloc!: 
wlien a temporary block was expected. 



ARCHIVES OF SURGERY 


388 

a chance to form new solid bone, has been most encouraging. One 
successful case is shown in figures 1 to 4. In other cases, in which 
the axillary operation was not attempted for six months or a 3 ^ear after 
thoracoplasty, the resulting compression was much less and the benefit 
derived correspondingly slight. 

It is my intention to use this procedure in the future in those cases 
in which inadequate collapse is secured as soon after the thoracoplastj' 
as the patient is in condition for a further operation. I feel sure that I 
shall have a smaller number of discouraged patients coming back several 
months, later askingr for further relief. 



i\-}TES~SURGliRy IN PULMONARY TUBERCULOSIS 379 

fusion without nerve block, of nerve block without transfusionv of nerve 
block and transfusion, and of costectoni}' with" control observations on 
patients with similar conditions treated differently. Hence, . there are 
sufficient grounds on which to base judgments. .•.’ • •• ■ ,• 

Patients in group I were subjected to nerve .■ block on the more 
affected side. Some of the operations were perforijned reluctantly 
because the patients requested them. A few of the- patients improved ^ 
unexpectedly. The question arises as to whether . such patients as . 
improved might have been served better if both sides had. been paralyzed , 
when activity ])ersisted in the contralateral lung, or if thoracoplasty .had - 
been performed on the side first treated when the-Jesions in- tlie other 
lung were inactive or became inactive. '■ , 

The patients in group II are those accepted as needing immediate: ' 
thoracoplasty. Nerve block obviated the need for operation in a-;number- 
of them, and reduced the extent and risks of operation required in the 
others. Determination to avoid unwarranted radicalism has sometimes 
delayed operation too long. It is difficult to estimate the peak of 
improvement. When this has been reached, resections should be begun. 
Unfortunately, some patients, on account of the improvement;’ refuse 
to consent to further intervention until it is too late to obtain benefit - 
from operation. 

The treatment of patients in groups III and IV is even more p”^-.. . 
plexing. Hesitation to have a thoracoplasty performed, with its inevir 
table permanent disability and deformity, permits some to progress into^' 
the preceding categories. Cessation of progress toward recovery, if it 
can be recognized, is the indication to proceed so that the number of 
ribs necessaiy ty resect can be restricted. 

Patients in group V present the gravest problems. A goodly pro- 
portion will recover with the usual hygienic measures — some promptly, 
others slowly; in the remainder, the disease will progress. It is impos- 
sible as yet to recognize the differences in susceptibility at the onset or 
soon after. Few recover in less than three months. Future observations 
will determine whether it is advisable to employ phrenemphraxis almost 
as a routine. If it is true that it is virtually without danger, is harmless 
and certain to raise pleuropulmonary resistance, defense and repair, its 
employment is justified as proplwlaxis against progress of the disease 
and also against retarded recovery. 

It should be recognized that no method suggested here is considered 
the best treatment. Each in its place is regarded as a useful adjunct 
to other measures that together comprise the most favorable treatment 
for each patient. Advocacy of nen^e blocking is based on the natural 
responses which are favorably influenced and justified by comparison 
of the progress of patients subjected to it with that of patients otherwise 
receiving identical treatment in the same environment. 



390 archives of SURGERY 

collapsing the nonnal .upper portion of the lung, a complete resection of 
the whole length , of the., .lower ribs is necessary, and resection of the 
fpurth and, ofterj of., the .third rib must be included in order to prevent 
their suspending effect on the lower part of the wall of the chest. 

Experience. has shown that the operation cannot be performed safely 
in one-stage in. the: presence of a large amount of sputum on account of 
the danger of -.-pus retention and pneumonia; and because of the shock 
produced by so e\.tensive an operation in a debilitated patient, A 



Fig, 1.— A girl, aged 11 years, who had coughed and raised large 
of sputum since an attack of pneumonia three years before; there is ^ ^ 1 ^^ 

of any abnormal lung markings, except a few linear streaks covere 
cardiac shadow. 


irticular 


several stage operation is necessary, graded to the patients par 
condition. . 

In 1923 I read a paper before this association reviewing 
on the results of various surgical methods in the treatment o 
ectasis, and included the case reports of seven patients on whom ^ 
performed a graded extrapleural thoracoplasty'^ without morta it} 
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ABSTRACT OF DISCUSSION 

Dr. Edward Archidald, Montreal : It is interest!^ ;itp observe .the particular 
application of Cloetta's experiment with regard to thcj Jr,cul,ation of blood through 
the lung in conditions of compression of the lung. Ti e quehfdn arises as to just 
how far this is obtained by the temporary paralysis of the plirenic' nerve. Without 
doubt, phrenicotomy is a definite influence, but I had not' tlidught of it before; ■ It 
never occurred to me that that would be sufficient to make -Gloetta’s experiments 
applicable, at any rate, in a large measure. Nevertheless, the idqa is novel, and 
the explanation of the good effects of phrenicotomy is novel. I welcome the 
presentation of a group of patients treated in this fashion along physiologic and 
scientific lines. It seems to me that it gives us a new vista an<^ puts us a decided 
step in advance. The effort to get away from operations is alwa" welcome to me. 
I think anj'body who operates much on tuberculous patients resiiiaes'that a majtir 
operation on them is always a risk. Obviously, this effort to ppstj.'^ne; operation, 
to limit it to more carefulb' selected cases, is one that we should consider carefully. 
I imagine that possibly in the present wave of enthusiasm thoracoplasty is being 
done, not infrequently, in cases in which it is decidedly unsuitable. The only ques- 
tion I should like to ask Dr. Yates is with regard to the incipient but active cases 
I presume that these, which number only three, would lie in the class of apical 
tuberculosis. How far does a phrenicotomy on that side affect the activity at the 
apex? Of course, if it is a widespread activity through that lung, we could 
expect more from phrenicotomy. We know, at least it has been said, that 
phrenicotomy, even removed bj’ the whole length of the thorax from the apical 
lesion, does affect the apical lesion in a sense. In any case, clinical improvement 
has followed phrenicotomy in more advanced lesions when the bulk of the lesion 
has been in the upper fourth of the lung. A patient with an early, active, incipient 
case hitherto has been given the ordinary hygienic treatment. Would these 
patients have improved in any case under ordinary hygienic conditions? 

Dr. a. V. S. Lamdert, New York: This case should make us all think. It 
is a definite, conscientious effort to obviate the necessity for surgical intervention 
in cases in which the patients apparentlj’ are not doing well, and instead to use 
surgical measures on simple roentgen-ray examination. As Dr. Yates has stated, 
much more stress should be laid on the two elements of improving the quality 
and increasing the quantity of blood than on the elimination of the action of the 
phrenic nerve. To build up the resistance of these patients by transfusions is 
better than a simple division of the phrenic nerve. Many of us, I think, have been 
disappointed in the results from the simple division of the phrenic nerve; and 
there are no such statistics of good results from this procedure as there are from 
the use of transfusion. Therefore, the statistics Dr. Yates gives must be due to 
increasing the quantity and improving the quality of the blood. Since Dr. Yates 
had time only to sketch a description of transfusions, we have not been told how 
many, how often and what sort of blood examinations are necessary, how to 
determine when a transfusion should be made, and how much blood should be 
transfused. I am not so much interested in whether a phrenicotomy was or was 
not performed. That is the smallest part of the problem. Dr. Yates has done a 
piece of work better than any one else has done it. The two elements he has 
added are the quality and the quantity of blood. 

Dr. Howard Lilienthal, New York: I agree with everything that Dr Lambert 
has said except as to the phrenic nerve operation. I think that this operation 
is important. Any of you who have examined by fluoroscope patients with even 
tiny incipient apical lesions and have noted the striking fixation of the diaphragm 
on that side, must believe that the action of the diaphragm has something to 
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cOr>p.ral’''r ■ Short' abstracts of the former and more detailed reports of 
tlie latu'. follow : 

. ■ . . : CASES PREVIOUSLY REPORTED 

A boy, 19, had a postempyema bronchiectasis of about two 

years’ duration. Tho nutum averaged from 240 to 500 cc. in twenty-four hours. 
The third to the eleven ‘•h ribs were excised in five stages. He gained weight and 
strength immediately afrer operation, and the sputum dropped to 30 cc. in twentj- 





1 VI 






I . - ■ ■- ■ -- 

Fig. 3.— Simple cylindrical bronchiectasis of the right middle lob 

were intervals 

four hours. During three years following the opera ion t to 

when he was practically symptom-free, but for the most part 
raise from 60 to 150 cc. of sputum in twenty-four hours. 

Case 2.— A man, aged 28, had had 000 cc. in twcnO" 

without known etiology. The sputum averaged from 5W to The 

four hours. The fourth to the tenth ribs and has average 

sputum decreased to from 30 to 90 cc. soon after The pauen' 

60 cc. in twenty-four hours during nearly six y manual labor, 

is in the best of health, and is steadily employed at hard 
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with lessened cardiac effort. These factors provide for repair of lesions, and 
for conserving the latent energy of the right side'of the heart, on which recoveo' 
so often depends. • • . li- 

ft should be remembered in reading the records of Muirdale Sanatorium iov 
Tuberculosis that these patients were given the best care the management of 
the institution provides and that operations are merely adjuncts to treatment, 
iloreover, the patients subjected to operation had- been under observation fpr 
weeks, months, some for years, in the same envii:oiiment. Their condition is 
recorded as improved only if all observations, including blood examinations, 
sedimentation rates, physical examinations, vital cajiacity .determinations,, roent- 
genograms and fluoroscopic readings, are confirmatory. Their pr/pgress i§, also 
compared with that of other patients similarly affected but not subjected.-. to 
operation. The progress compares favorably, but there is not as yet enough 
evidence to warrant any more definite statement. .• (i- 

There is general misapprehension as to the value of exposure to, direct sun- 
shine as a help to patients in combating pulmonary tuberculosis. T-t. should be 
recalled that ingesta and sunshine are the sources of energy. If patients, are 
overexposed to sunshine, their metabolism is hastened, and they are injured 
because of the increased consumption of fuel to provide for energy- production. 
They must be treated wisely and not too well. Dr. Kassowitz, who .controls, this 
work at Muirdale, has studied under Rollier, and his careful methods have been 
remarkably successful. -xj > ■ 

Dr. Lambert asked for indications for transfusion. They are reductions in 
erythroblasts and in hemoglobin, reductions in the actual number of lymphocytes, 
distortion of proportions and numbers of leukocytes, and particularly hastened 
sedimentation. All have noted that the blood conditions become less favorable 
as patients are losing ground and become more favorable as they improve. We 
have observed the other aspect: If the blood is improved by transfusions, the 
patients likewise improve if they have not lost their capacity to recuperate. There 
is a widespread belief that transfusions are of little value for patients suffering 
from pulmonary tuberculosis. The reasons are that citrated blood has been 
employed instead of unmodified blood and that tran.sfusions have not been per- 
formed repeatedly and frequentl)’. 

Dr. Lilienthal was good enough to give our efforti. commendation because 
methods cooperating with nature’s responses were of necc.-sity the most efficacious. 
If anything has been accomplished, it is attributable to a i tempts to imitate the 
natural reactions of man and divers animals which confer the greatest defense 
to pleuropulmonary structures. 

Dr, Lockwood’s question may be answered. Numerous roentgenograms 
shown today illustrated the high position of a paralyzed diaphragm. The high 
position is produced by the combined actions of intrapleural negative pressure and 
of intra-abdominal positive pressure on an atonic diaphragm. If the amount of 
intra-abdominal pressure were materially increased, as after the repair of an 
enormous ventral hernia, the greater upward displacement of the diaphragm could 
so alter intrathoracic pressures as to embarrass the heart, already somewhat 
incompetent. One would judge that the increase in intra-abdominal capacity 
consequent on induced paralysis of the diaphrag^m would be too little to be 
effective, and the dangers might be considered prohibitive. Rather might it be 
wiser to increase the size of the belly cavity by causing relaxation of the abdominal 
walls induced by incisions, as advocated .by Crile. 
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actinomycosis.^ He died of general asthenia a month later. (This was probably 
a case of actinomycotic infection of the lung following the onset of pulmonan- 
symptoms after appendectomy.) 

Case 6. — A. girl, aged 18, had bronchiectasis of nine years’ duration following 
pneumonia. The sputum averaged from 360 to 480 cc. in twenty-four hours. The 
thoracoplasty was not completed on account of the pneumonia after the fourth 
stage. The cough and the sputum were not affected. A year later, the mpijian 
segments of the sixth to the tenth ribs were removed. The sputum then dimin- 
ished to about half that before thoracoplasty and the general condition was 
improved. Two and a half years after this, a partial cautery lobectomy was 
performed. Since this operation the sputum has averaged about 60 cc. in twent)'- 
four hours. The patient has gained 15 pounds (6.8 Kg.) in weight and is in 
good general condition. 

Case 7. — frail, anemic woman, aged 22, had had frequent hemoptysis in 
early childhood. She had raised purulent sputum which had increased in amount 
since she was 10 years of age until it was 240 cc. in twenty-four hours. Following 
a seven stage excision of the second to the eleventh ribs, the cough and sputum 
almost disappeared. At intervals she had no symptoms and the sputum never 
amounted to more than 30 cc. in a day. She gained in weight from 91 to 115 
pounds (41.3 to 52.1 Kg.). This improvement has persisted, except for a few 
remissions, when the sputum increased to 60 cc. in a day. She has done all 
her housework unassisted. 

Case 8. — History . — A man, aged 19, a student, presented himself at the Mayo 
Clinic, Jan. 10, 1923, complaining of cough with purulent sputum. When 8 
months old he was said to have “swallowed” a head of wheat which almost 
strangled him. He had had bronchopneumonia shortly afterward, for \yhich 
he had been treated at the Mayo Clinic. He had had a cough since, with a 
gradually increasing amount of sputum, at times blood streaked. Following 
tonsillectomy nine months before admission, the amount of sputum increase 
to from 240 to 300 cc. in twenty-four hours. 

Examimtion, — ^The- patient was in a good general condition. He had several 
carious teeth. The cervical and axillary glands were enlarged. There were lou 
bubbling rales at the right base. The blood pressure wasT20 systolic, 80 diasto ic, 
the hemoglobin content was 80 per cent; leukocytes totaled 9,200. No tubercuosis 
bacilli were found in the sputum. The urine was’ normal. The roentgenogram 
showed an extensive bronchiectasis at the right lower lobe and an old tubercu ous 
process at the left upper lobe. 

Operation and Course . — ^An extrapleural collapse of the right side of the 
was effected by a seven stage operation, with removal of practically tew i 
length of the fourth to the eleventh ribs, inclusive. The posterior segments 
first resected through a paravertebral incision in three stages, and t le 
trunks were injected close to the transverse process of the corresponding j 
with 95 per cent alcohol solution. The anterior segments were next 
from below upward in two stages through a parasternal incision, the ower 
segments through an incision parallel to and over the eighth rib, an ^ 

lateral segments through a midaxillary incision. The average interva ewe 

stages was two weeks. . _-Uapsc 

The amount of sputum gradually decreased during the course of e ^ 
operations to from 60 to 90 cc. in twenty-four hours. He was then is 
in good general condition. May 11. 



Fig. 1. — Chest of W. J. M. before thoracoplasty, showing enormous cavity 
involving practically the whole upper lobe on the right; fluid level from unraised 
sputum in the cavity. Phrenicotomy had already been performed, which accounts, 
for the height of the right side of the diaphragm. 



Fig. 2.— W. J. M. immediately after a complete posterior thoracoplasty; the 
cavity is reduced to a small triangular space. 
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1918. She liad been in bed; for one month and had remained weak and coughed 
all summer, but had raised no sputum. In the autumn, following an attack of 
influenza, she began to. raise green, foul smelling sputum, which gradually increased 
to 120. ee. m twenty-:fpur hours. In. May, 1922, she was sent to a tuberculosis 
sanatorium, > where she .remained for five months. A diagnosis of pulmonary 
abscess tvas made, and pneumothorax collapse was instituted and continued 
until about a month before she came to the clinic. 


£.rn;;ii«a/io>^^Jhe-w,tiaght was about normal, and the general condition seemed 
good. The fingcfS‘Ayere^.lubbed, and the nails were watch crystal in shape. The 
left side of the; cheft\^a^ged on respiration and the characteristic evidence of 
pneumothorax coliaflSp||^as present, except toward the base. Roentgen-ray exam- 
’’■'ation showed thd.ldK l^ng collapsed from above to about the nipple line laterally. 
' benioglobin’^on^ent ^as 90 per cent ; the white blood cells totaled 13,500. The 
’"cd a fmall amount of albumin; the sputum. was negative for tuberculosis 
■ ' , , , .lagnosis of bronchiectasis was made. 


‘ : ci:L — more complete pneumothorax collapse of the lung was attempted, 
, k,uuO of air being instilled in five sittings during a period of twenty days. At 
the last ..silting, the water pressure registered between 0 and plus 4 after 200 cc. 
’>cen injected. 

e i.putum decreased to about IS cc. in twenty-four hours during two weeks 
■:rvi.tion. Another attempt at pneumothorax was therefore made, but the 
, ..o became plus 4 after 300 cc. of air was- instilled, and^the roenten ray 

■showed the lung to be adherent at the diaphragm, preventing further collapse. 

. * A graded thoracbplasty was then performed in six stages, the whole length 
of the fourth to the eleventh ribs being resected. She complained little of pain 
.following the operations and had no complications. The sputum averaged about 
' '? cc. at the time of her discharge from the hospital. A little more than a year 
..Iter, she reported that she was in good general' health and had gained consid- 
erably in weight, but was raising from 30 to 120 cc. of sputum in twenty-four 
hours. Later, she was reported to have died of acute poisoning. 

Case 10. — History . — A laboring man, aged 25, came to the Mayo Clinic, July 
12, 1923, because of weakness and hemoptysis. In 1917, following a severe attack 
of influenza, he had had three attacks of hemoptysis, raising about a pint (473 cc.} 
of blood at each attack. Since then he had had a chronic cough, raising about 
60 cc. of blood tinged sputum in twenty-four hours. In December, 1922, he a 
had another profuse hemorrhage and had had several since then, averaging J” 
amount from 250 to 500' cc. He had been in bed since the last one, Marci o, 

Examination. — ^The patient appeared in fairly good general condition. The e^t 
side of the chest lagged on inspiration. The percussion note at the left ase 
impaired, with diminished fremitus, and fine crepitant rales were heard 
tion.- The hemoglobin content was 72 per cent, and the leukocyte count , i 
Kolmef.test was negative. The sputum showed no tuberculosis bacilli. rina 
was negative. Roentgen-ray examination of the chest showed no ® 
Fluoroscopic examination revealed no motion of the left side o t e lap 
A diagnosis of unilateral bronchiectasis of the hemorrhagic type was made. 

Treatment.— A six stage thoracoplasty was performed during a ® j 

weeks, the whole length of the third to the eleventh ribs, inclusive, being 
There were no postoperative complications and little pain. 

During the next two years, the patient had three hemorrhages at m e ji 
the sputum, wdiich fluctuated from 30 to 90 cc. in twenty-four lours. 
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difficult of approach, and it may not be possible 'to remove its entire remaining 
length. A good sized piece, however, 2 inches (5 cm.) or more long, can be 
excised. It is not necessary to cut the first rib if it has already been divided in 
the posterior operation. Following the subperiosteal removal of the ribs, the lung 
will be seen to sink in freely with each inspiration, as in the paravertebral opera- 
tions. The wound is closed with one subcutaneous layer of catgut and the ordi- 
nary skin stitches. There are no muscle layers to suture. A ‘ rubber drain is 
brought out through a small stab wound in the posterior axillary line, as- it gives 
much better drainage there than if inserted in the main incision. A large pad 



Fig. 4. — "W. J. M. after accessory operation in axilla, showing much more 
complete compression of the whole right lung and oblit^ation of the cavity. 


of dressing is applied and held tightly in place by adhesive strips running from 
sternum to spine. The use of the new elastic adhesive plaster (elastikon) 
is greatly to be recommended as it^gives a steady pressure on the wound. 

COMMENT 

There is surprisingly little shock following the operation ; much less 
than with paravertebral thoracoplasty or anterior apicolysis. My 
patients have been able to leave the hospital within a week after operation. 

The result in cases in which the operation is performed soon after 
posterior thoracoplasty, before the periosteum left in the back has had 
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from four to five attacks a day. In 1920, he had been treated at home for five 
months for “tuberculosis.” The next year a change of climate had brought about 
some improvement in the, general condition only. In the spring of 1922, he had 
begun to have fever and pleuritic pains, and had been in bed for four weeks. 
He had had two similar attacks since, each accompanied by marked weakness and 
loss of weight. 


Examination . — The patient was undernourished and anemic; the breath was 
foul and th^- fingers were clubbed. The entire left side of the chest lagged on 
respiration. There was decreased fremitus at the left base posteriorly and sibilant 
and bubbling rales, but no dulness to percussion or other abnormality. Roentgen- 
ray examination showed infiltration of the lower left lobe. The sputum showed « 
no tuberculosis bacilli. Urinalysis was negative; the hemoglobin content was 79 
per cent; tiie white blood cells totaled 8,200, and the Kolmer test was negative.. 
The diagirrtsis w'as bronchiectasis of the left base. 


Treatment '. — ^An extrapleural thoracoplasty was performed in six stages at 
intervals of about one week, the whole length of the third to the eleventh ribs, 
inclusive, being resected. The convalescence was entirely uneventful. The vital 
capacity on admission was 3,900 cc. At the time of discharge, it was 2,650 cc. 
The hemoglobin was 55 per cent, and the white blood cells totaled 13,000. He 
gained in weight and strength. The sputum averaged from 180 to 240 cc. in 
twenty-four hours, and has persisted at about this amount since. 

Case 12. — History . — A married woman, aged 28, came to the Mayo Clinic, 
Aug. 9, 1923, complaining of cough with sputum and weakness. The cough was 
said to have dated from birth, and the patient could not remember when she did 
not have it. It was present all the year around, but was worse in hot weather and 
had been gradually increasing, especially in the last three years. The sputum 
was always thick, purulent, and of foul taste and odor, averaging from 120 to 
240 cc. in twenty-four hours. She never had had any hemorrhages. Bronchoscopy 
showed some pus coming from the left lower bronchus, but most of it came from 
the right. 

Examination . — ^The patient was somewhat emaciated. The breath sounds were 
tubular in character, and there were a few rales at the right base. Roentgen-ray 
examination of the chest showed bronchiectasis at the right base and some changes 
on the left. A roentgenogram of the right antrum of Highmore and of 
frontal sinus was clouded. The systolic blood pressure was 110, the diastolic • 
Urinalysis showed a small amount of albumin and some pus cells. The hemog o m 
content was 77 per cent; the white blood cells totaled 7,800, and the sputum was 
negative for tuberculosis and fusiform bacilli. The Kolmer test was negatne. 
The diagnosis was bronchiestasis of the right base (congenital?). 

Treatment.— ’B&esMse. of the question of bilateral involvement, a pneufflothora-\ 
collapse was deemed advisable as a therapeutic test. The lung wm 
collapsed by nine instillations of filtered air, each of from 300 to 4 cc.i a 
all totaling 3,400 cc. The intrapleural pressure at the initial mstilla ion 
from 5 to 7 cc. negative pressure. At the last refills, it fluctuated about zero. 

roentgenogram showed complete collapse of the left lung. natient 

During the next two weeks, the sputum was practically nil, and t le p 
stated that she felt better than at any time before in all her Me. 


symptom was dyspnea on exertion. . ,,2 

Because this therapeutic test seemed to show a unilateral mvolvemc 
amenable to collapse therapy, a thoracoplasty was advised. ® 

coplasty was performed, from the second to the eleventh ri s, me 



UNCOMPLICATED UNILATERAL BRONCHIECTASIS 

LATE RESULTS OF EXTRAPLEURAL THORACOPLASTY 
CARL A. HEDBLOM. iI.D. 

CHICAGO 

By uncomplicated bronchiectasis is meant the characteristic changes 
of that disease in a portion of tlie bronchial tree without parenchymal 
abscess formation or pneumonitis as determined by the roentgenogram. 
A more or less uniform shadow may be due to a thickened pleura only, 
but until recentl)' there has been no means of excluding abscess or 
pneumonitis on ' a clouded roentgenogram. The clinical picture of 
chronic paroxysmal cough with an abundance of purulent sputum, 
clubbed fingers and more or less general debility is characteristic of 
uncomplicated bronchiectasis. Recurrent attacks of fever with an 
associated rapid loss of weight and strength and increased amount of 
foul sputum is t)'pical of bronchiectasis with involvement of the sur- 
rounding lung tissue, the exacerbations of S)Tnptoms marking an exten- 
sion of the disease process. In doubtful cases, however, in my experience 
the roentgenogram has been the final criterion of uncomplicated 
bronchiectasis (figs. 1, 2 and 3). 

Extensive bilateral bronchiectasis is obviously not amenable to sur- 
gical treatment. The differentiation between unilateral and bilateral 
involvement has been difficult and uncertain. It has rested largely on 
the roentgenogram and the presence or absence of certain physical 
conditions. The roentgenograms following the injection of iodized oil, 
40 per cent, will probably not only enable us to determine the distribution 
but may also enable us to recognize types of the disease hitherto 
indeterminate. In the cases reported here this method was not yet avail- 
able. In my case 12, the pneumothorax therapeutic test demonstrated 
the unilateral involvement, although the evidence from bronchoscopy 
pointed to bilateral involvement. Other cases were excluded as bilateral 
by the pneumothorax therapeutic test. 

Graded extrapleural thoracoplasty implies a collapse of the Avail of 
• the chest in several operative stages. The simplest and most effectiA'e 
method for securing a maximum 'collapse is the paravertebral resection 
of the upper eleven ribs. The resulting longitudinal drop of the AA'hole 
wall of the chest is the most important factor in this massive collapse. 
In pulmonary tuberculosis, in which the apex usually is first and chiefly 
involved, its collapse is absolutely essential. In bronchiectasis, on the 
other hand, the loAver portion of the lung is almost ahA'ays the only part 
diseased. In order to secure complete collapse of the base Avithout 
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solution of chlorinated soda (Dakin’s- solution) being used. The cavity had a 
capacity of 1,500 cc. at this time, and the sputum averaged about 450 cc. in 
twenty-four hours. Ten days after drainage was instituted, a toxic arthritis 
with edema developed over the knees and the ankles, but this gradually subsided. 
A month after the onset of the empyema, the ca-vity measured 270 cc. in capacity. 
On January 25, the patient developed .an acute attack of appendicitis, and an 
appendectom 3 r was performed. The convalescence following this operation was 
uneventful. 

On April 15, the empyema was 15 cc. in capacity. The sputum varied from 
30 to 75 cc. in twenty-four hours, and the patient was in a good general condition, 
weighing 5 pounds (2,3 Kg.) more than on admission. A plastic operation was 
then performed, and the patient was dismissed on May 2. At this time, the sputum 
averaged irom'OO'to 90 cc. in twenty-four hours. She was advised to return in ' 
two or three months for the completion of the thoracoplasty. 

On June 11, 1924, the patient wrote that she still raised from 60 to 75 cc., and 
that she had gained 7 pounds (3.2 Kg.) in weight. In June, 1925, she came for 
inspection. She had taught a country school all year, walking a mile to and 
from the school in all kinds of weather and building her own fires. She appeared 
well, and physical examination showed no involvement on the opposite side. In 
fjune, 1926, the patient wrote that she had finished another year of teaching. The 
sputum was from 45 to 60 cc, in a day; the weight averaged from 102 to 104 
pounds (46.3 to 47.2 Kg.) 


•Case 14. — History, — A married woman, aged 46, came to the Mayo Clinic, 
Oct, 30, 1923, because of a chronic cough with purulent sputum. She had a 
dorsolumbar scoliosis of pronounced grade which had begun when she was 11 
years of age. Except for this she had been entirely well, had had three children 
and had always worked hard. 

Eight years before admission she had had a postpneumonic empyema, which 
drained through a bronchus periodically for five years. A rib resection had then 
been done for drainage of the empyema cavity. She continued to cough and 
raise an average of about 250 cc. of foul, purulent sputum after the empyema 


cavity healed. 

Bxmnination . — ^The patient was a weak, poorly nourished woman, weighing 88 
pounds (39.9 Kg.), 22 pounds (10 Kg.) under her normal weight. There ws 
a mark ed scoliosis and kyphosis of the dorsal and lumbar spine, the concavity 
being toward the left. There were no abnormal physical conditions in the rig 
side of the chest. Roentgen-ray examination showed the characteristic picWre 
of a diffuse bronchiectasis process on the left without evidence of pleura t >c ' 
ening or increased density of lung parenchyma. The urine showed a mo er 
amount of albumin and the sediment a few pus cells. The hemogo m “ 
was 75 per cent ; the white blood cells totaled 15,300, and the Wassermann r 
was negative. The diagnosis was bronchiectasis on the left. 

Treatment.— A three stage thoracoplasty was performed ^tli 

regional and ethylene analgesia, the whole length of the ninth, tent i an j 

ribs being resected at the first stage, the sixth, seventh and eighth at 
stage, and the second, third, fourth and fifth at the third stage. It was n 
to resect the second rib in order to allow the- lower angle of the scapu a 
flat against the collapsed chest wall.' The ribs were extremely a 

angle replacing the normal longitudinal curve, and the ribs were grea y 
and triangular in cross section. The external surface -was about cm. 
the upper and lower surfaces from 2.5 to 3 cm. in width. 
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with encouraging results in all cases. On the basis' of 'this' coihparative 
study of operative mortality on the one hand an^ of ^relief of symptoms 
on the other, following the various methods of'.treaiinent; I expressed 
the opinion that this method would seem to commend ifself to further 
consideration. I found that unfavorable opinions regarding thoraco- 
plasty were based largely on a priori consideration, 'bn- a:. ohe*’stage 
operation with high operative mortality or on the failure to get results 



Fig. 2. — Same patient as shown in figure 1 taken after the injection of iodized 
•oil, showing diffuse cylindrical bronchiectasis of both lower lobes. 


after an incomplete collapse. It seems probable also that some of the 
unfavorable results were in cases of combined abscess and bronchiectasis. 

One of the questions frequently raised in relation to extrapleural 
thoracoplasty in bronchiectasis is as to the permanence of any immediate 
improvement obtained. It may be of interest, therefore, to record the 
further progress in the seven cases already reported, and the results in 
a later series of seven others observed from two to three years after 
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There was a marked decrease in cough and sputum, gain in weight, 
and general improvement in all cases during the first’ four weeks follow- 
ing operation. In four, the sputum decreased from 200 to 500 cc. to 
15 cc. or less in twenty-four hours; in three, from 500 to 1,000 cc., 
from 240 to 300 cc. and from 250 to- 300 cc., respectively, to from 
60 to 90 cc. in twenty-four hours. 

All these patients were followed for three years after operation and 
all except tw^o. (cases 1 and 4) have been followed to date, or to within 
a few months of the present time. Three have died, one (case 10) 
from ’a fatal bejiiopt'y.'jis. This, it will be recalled, was his outstanding 
sj-Tiiptoni Lhroughout. ' ' One (case 5) died of actinomycosis of the chest 
wall ten montlis after operation. It seems probable that this was a case 
’A actinomycotic bronchiectasis. The third (case 9) died from acute 
poisoning. She was in fairly good condition during the two years that 
elapsed between the operation and her death, but continued to raise about 
60 cc. of sputum in twenty-four hours. Six have remained markedly 
improved in general condition and the sputum has been reduced to an 
average of from 60 to 90 cc. in twenty-four hours. Two of these six 
patients have occasional exacerbations of symptoms when the sputum 
reaches 25 per cent of that before operation. Five may be said to 
be practically cured from the standpoint of symptoms and general health. 
One of these five (case 2) raises consistently from 60 to 90 cc. of 
sputum (500 to 1,000 cc. before operation), but that is his only 
symptom. He works steadily and is in the best of health. Another 
(case 7) has an exacerbation of cough with sputum three or four times 
a year, incident to a “cold,” when she raises about 30 cc. of sputum. 
The other three have no cough and sputum or other symptoms and are 
living normal active lives. 

COMMENT 

Extrapleural thoracoplasty for bronchiectasis has been generally 
condemned — ^in most instances on the basis of a few cases— as a 
dangerous and ineffective operation. Performed in a single stage an 
under general anesthesia, it is, indeed, a dangerous opera,tion. > 
however, it is performed in stages, the number of them depending on t 
condition of the patient, and under local or combined anesthesia, tie 
operative mortality on the contrary should be low. In my experien » 
it has so far been nil. The operation has been called ineffective becaus 
a collapse of the diseased lung, it is stated, is impossible and because ^ 
pathologic process is not affected. In^ reply to these statements, it ma} 
be stated that a review of roentgenograms taken after the col apse 
completed demonstrates in each instance, in my experience, . 

a collapse as is obtained in favorable cases of pulmonarj' tu 
after paravertebral thoracoplasty, and that although the disease iro 
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Case 3. — A girl, aged 12, had a postinfluenza brontjbiectasis of 
duration. The sputum was foul, averaging 500 cc. in twenty-four himvj;. i. 
fifth to the eleventh ribs were excised in four stages. Immediately' after' operation 
the sputum decreased to from IS to 30 cc. in twenty-fotn- hours, and the patient 
was no longer kept awake at night by cough. She gained JiS pounds (6.8 Kg.) in 
weight in two months. During the last four years she fes rc^inained consistently 
symptom-free, has gained 40 pounds (18.1 Kg.) in w^^Ht,.has finished high 
school and has the appearance of good health. . 

Case 4. — woman, aged 32, had a posttonsillectomy bronchiectasis. The 
sputum varied from 120 to 500 cc. in twenty-four hours. The third to tlie eleventh 


Fig. 4, — ^Bronchiectasis of the left lower lobe after the injection of iodized oil. 

ribs were excised in five stages. A marked general improvement followed. She 
has had occasional attacks of pain in the chest since with an increase in the 
cough and sputum, but these have always been much less than before operation. 

Case 5, — In a boy, aged 14, the onset of cough and sputum followed an 
appendectomy, five years before thoracoplasty. The sputum was variable in 
amount, reaching 300 cc. in twenty-four hours. The third to the eleventh ribs 
were excised in five stages. There was marked immediate general improvement 
and decrease in the amount of sputum. Nine months after operation abscesses 
began to form in the soft tissues of the chest wall, the pus from which showed 
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turned off. . Later there was a slight recurrence during the few weeks in the 
hospital, but- .finally all. symptoms ceased. 

Another patient, ..a, boy, had been coughing and spitting foul pus for twelve 
years, ever since he. .had had whooping cough. He is now 18 years old, I had him 
treated bronchoscopically in the hope that Dr. Yankauer might help him by lavage. 
Immediately after the procedure there was a terrific reaction, with a temperature 
of 104 + F, and- a weak pulse. I thought that he would die. Still I determined 
to try again, . I did not tyant to operate on him if it could be avoided. He was 
thin and a poor risk. The bronchoscope was used again, with the .same result; 
then he said that he would have no more bronchoscopy, I should have said so, 
too, although I am an ardent advocate of bronchoscopy. I performed this opera- 
tion in two stages. There, was almost as prompt and good a result as in the case 
of the youi g woman. .He coughs a little in the morning, raising less than 30 cc. 
of sputum which is not .^oul, although the discharge had been extremely putrid 
before. He is working. I have had other cases in which I have attempted this 
operation, some of them many years ago, and it was on the result of these early 
attempts that I expressed disapproval of the method. The procedures were unsuc- 
cessful before the irosterior method came into use. I have had one patient, but 
her case was one of those in which Dr. Hedblom warns that the operation should 
not be performed. A girl, aged 9 years, on whom everything else had been tried 
unsuccessfully had a unilateral bronchiectasis and abscesses. I had opened 
tlie abscesses by pneumonotomy and had pushed the pleura from the wall of the 
chest, hoping to get a certain amount of collapse without performing a complete 
thoracoplasty. It did no good. The girl improved for a time; but she came 
back frequently for treatment for exacerbations. I then performed a thoraco- 
plasty, but it did not cure her. Dr. Hedblom probably would have predicted that 
it would not. Then I tried the cautery pneumonectomy; she died of hemorrhage 
a few days afterward. She had one hemorrhage that I was able to stop because 
I happened to be there and plugged the wound. Then at 4 a. m. a few days 
later, when I was not in the hospital, there was another hemorrhage and sie 
quickly died, I have seen many hemorrhages in cases of suppurations of the lungs, 
and I would emphasize again that this is one of the reasons for operating m 
these cases. I am glad that Dr. Hedblom evidently thinks as I do. 

Dr. Willy Meyer, New York : It has been interesting to hear the late results 
of thoracoplasty in bronchiectasis. I recall the time, some fifteen years ago, 
when I began this work, when I had two cases in which I saw signs ° 
involvement, abscess with suppurative meningitis. The patients died. ea 
occurred from this cause in about 25 per cent of the suppurative lung 
seems rather high. Although the procedure in the cases of Dr. ^ ^ 

Dr. Lilienthal was excellent the branch of the pulmonary artery might hrs 
ligated and then a thoracoplasty performed, because the tying of this ar 
also produces the carnification of- the lung. Of course, bronchiectasis is pnn ^ 
a disease of the bronchial system ; yet carnification of the lung 
have used the operation in three cases ; the three patients recovere . 
adherent lobes of the lung are separated, it is possible to infect the P 

I like to recall my experience with a patient in whom there was imp 
after I had tied this branch of the pulmonary artery. He was not wilH g 
the additional thoracoplasty done, and went to Georgia because o 
altitude. He reported from time to time. I repeat that nothing else ^ 

but the tying of the respective branch of the pulmonary arterjL e vv 
poor condition, unable to attend to business, but today he is - ;s 

Perhaps the combination of surgical intervention with the , gxtra- 

desirable in tliese cases as it is in the treatment of tuberculous patien s 
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He returned for observation, June 29. Examination showed a good collapse 
of the right lung, but Litten’s sign was still present on the right; A right 
phrenic resection was performed on the third day, following which he was dis- 
charged from the hospital. 

On August 1, he returned for examination. The cough was no longer paroxys- 
mal as before. The sputum averaged 60 ‘cc. in a day. Fluoroscopic examination 
showed immobility of the diaphragm in a relaxed position. The general condition 
was excellent. 

On September 6, roentgen-ray examination showed ' a remarkable amount 
of rib regeneration in a position of partial expansion of the pleural cavity. The 



Fig. 5. — ^Appearance of same patient as shown in figure 4, after the injection 
of iodized oil after a three-stage extrapleural thoracoplasty in which the full 
length of the third to the eleventh ribs inclusive were resected. 

regenerated segments were excised through the old lateral incisions. There was 
an immediate collapse of the underlying lung. At the time of his discharge, he 
was gaining weight and the sputum averaged from 60 to 90 cc. The sputum 
has persisted at about this amount during the three 3 'ears that have elapsed. The 
general condition has been good. 

Case 9. — History . — A girl, aged 20 years, came to the Maj-o Clinic, May 23, 
1923, complaining of purulent sputum and of weakness of four years’ duration. 
The onset of symptoms dated from an attack of pneumonia in the spring of 


SURGICAL ■"TREATMENT OF INTRATHORACIC 
TUMORS 'and tumors OF THE 
CHEST WALL* 

STUART W. HARRINGTON, M.D. 

ROCHESTER, MINN. 

■ It is difficult to distinguish tlie various forms of tumor of the thorax 
and chest wall clinically^ It is first important to differentiate benign and 
malignant tumors. In many instances, the clinical history and physical 
manifestations of the tumor suggest the type of growth, but histologic 
examination of the tissue must usually precede accurate diagnosis. 

The malignant tumors may be considered in two groups : those that 
primarily involve the structure of the thorax and chest wall, and those 
that secondarily involve these structures either by continuity' or by 
metastasis from a primary growth elsewhere in the body. ' In the latter 
group, carcinoma of the breast is probably the most common primary 
lesion. Carcinoma of the thyroid not uncommonly invades the anterior 
mediastinum and manubrium. However, the primary lesion may arise 
in any part of the body. 

In this article, I have not included the metastatic malignant tumors 
or intrathoracic goiter. I shall review the cases of malignant and benign 
primary tumor of the thorax and chest wall in which I have operate 
during the last two years. There are sixteen cases in the series : eleven 
of them were cases of malignant tumor, two of which were intratlior^ic, 
five were cases of benign tumor, none of which could be definitely differ- 
entiated clinically from malignant tumors. 

The benign tumor is usually hard, fixed and smooth, and the ma ig 
nant hard, fixed and irregular in outline. The regional lymph no es 
were not enlarged in any case, not even in the cases of extensive ma ig 
dlS6d.S0 

The chief complaint was tumor in eight of the cases of malignan 
tumor and in one case of benign tumor. It was pain in three 
m a lignan t tumor and in four cases of benign tumor (table ) • ^ 

' cases the patient thought the tumor was in the mammary _ 

There is little of diagnostic value in the age, sex or site o t e u 
(table 2). The more malignant tumors were in the youngest pa 
The right side of the thorax was more commonly affected ffian 
The benign cases occurred only in females, and in two instance 
tumor was thought to be in the mammary'^ tissue. 


* From the Division of Surgery, Mayo Clinic. 
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sionally blood streaked. He reported that he was 8 pounds (3.6 Kgf.) .underweight, 
but that he was doing light work. k-. ' - • . 

Case 11. History. — A man, aged 27, a bookkegpei*,'’ presented hiniself at the 
clinik, July 23, 1923, complaining of a chronic cdugh ’with ' a‘-''large amount of 
purulent sputum. In January, 1918, he had had influefiza,:which"confin6d him-to 
bed for two or three days, and he had not been well sihce. About six months 



^ r. ■ . , • c A „.,r;ivcrtcbral hooked 

Fig. 6. — Same patient as shown in figures 4 and 5, showing ^ 

incision extending below and anteriorly in the course of 

stages of the operation were performed through the san’‘’ 

after the attack of influenza, he had begun to the lut sAii' 

sputum. At first he had had a feeling of iviigli. He wotild ‘ 

chest under the sternum, which had caused^ jv^gp,, ■ '; ! 

forward and bring up from 120 to /mpu'iit, until recer:.'*' 

the attacks of coughing had become "" 
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injury may have been; overlooked or forgotten. Loss of weight and 
undue dyspnea were not of diagnostic importance. Some degree of 
dyspnea, was present in five cases. The two intrathoradc malignant 
tumors caused dyspnea from pressure. In the other three cases the 
d3^spnea seemed to be closely associated with pain in the tumor. The 
average duration of the malignant tumors was four months, and of 
the benign tumors seven months. Loss of weight was slight except in 
three cases of extensive, rapidly growing tumor. 

In table A the cases have been grouped according to the type of 
operation.-performed and the result obtained. The result has not been 
tabulated if the operation had been performed less than six months 
previously. The technic and extent of the operative procedure must 
of necessity vary to meet the indications in each case. . In order to 

Table 4. — ItUrafhoracic and Chest Wall Malignant Tumors 


Age, 
Case Tears 

1 31 

2 18 

3 13 

4 15 

5 3 

6 3S 
r Si 

8 42 

9 45 

10 46 

11 29 
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simplify the tabulation the terra “radical operation” has been used w len 
the complete removal of the tumor was attempted and "palliative opera- 
tion” when only a portion of the tumor was removed. A more comp e c 
account of the operative procedure is given with each case history. 

Ethylene under positive pressure was the anesthetic in all opera 
tions. Radiotherapy was instituted either at the time 
soon afterward in all cases of malignant tumor. The operative proce t 
or results in the benign cases is not tabulated, as an 
tion, with removal of tissue for diagnosis, was performed in al le ca 
without complication or operative mortality. 

There were .two cases of intrathoracic tumor ; the tumor 
radicall}’’' removed by a one-stage operation in one case, and by a ' 
stage operation in the other. The pleural cavity was opene i 
the operation in both cases without serious complication at the tme 
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resected during a period of seven weeks. The patient- had practically no pain 
following any of the resections, and was usually up in a wheel dhair the day 
following operation. Following the fourth stage, a plfeural effusion suddenly 
developed, and 1,200 cc. of fluid was aspirated; 1,800 cc) of more sterile effusion 
w'as aspirated at two later sittings. The severe dyspnea was relieved by these 
aspirations. The patient was dismissed from the hospital one week after the last 
stage operation. At this time, she coughed only occasionally, raising perhaps a 
teaspoonful of viscid material. The weight was 97 pounds (44 Kg.X» ' The vital 
capacity was 3,737. Neurologic examination showed anesthesia of the distribution 
of the spinal nerves which had been injected on the side on which the operation 
was performed. 

A few months after returning home, she had pneumonia in-ithe iincollapsed 
lung, but recovered. The general condition since has been good. She has done all 
her own housework since the operation, and spends a great dealvof time in the 
summer caring for her garden. About a year after the operation the patient 
wrote, “I still cough occasionally and raise some sputum, but nothing to speak of, 
and the sputum I raise now is altogether different from the sputum I used to 
raise. I wish you could see how well I use my right arm.” ^ 

Case 13. — History . — ^A woman, aged 20, a teacher, came to the Mayo Clinic, 
Nov. 20, 1923, because of cough with foul sputum, fever and pleural pain. The 
past history was of no significance. She had had a tonsillectomy at the age of 13, 
and the left turbinate had been removed and the left antrum drained three months 
before coming to the clinic. 

At the age of IS months, she had had a bronchopneumonia. She had had 
a high fever and had been extremely ill for ten days. The mother stated that 
from that time she had had a chronic cough, with purulent sputum, and that she 
would wheeze whenever she lay down. Following tonsillectomy, she had improved 
somewhat. The cough was caused especially by stooping. The sputum was 
purulent and greenish and there was about 250 cc. in twenty-four hours. The 
amount gradually increased. She stated that she always had from two-tenths to 
1 degree of fever. Occasionally, she had twitchy pains in the left side. She 
complained also of shortness of breath on exertion and of early fatigue. She had 
had two acute attacks of pain in the right lower quadrant of the abdomen and much 
soreness in that region since. 

Examination . — ^The patient was a frail looking girl, weighing 110 pounds 
(49.9 Kg.). The fingers were clubbed. At the left base of the chest from about 
S cm. below the angle of the scapula, there was dulness to percussion and absent 
breath sounds. Above this level the sounds were broncliovesicular, with increased 
vocal resonance. When the patient bent over, she raised 120 cc. of thick green, 
foul-smelling pus. The base was then resonant, and the breath sounds were 
bronchial in character. Roentgenograms showed slight bronchial thickening at 
the left base. There was tenderness to palpation over McBurney’s point. Urinalysis 
was negative. The hemoglobin content was 75 per cent ; the leukocyte count totaled 
17,800, and the Wassermann reaction was negative. The sputum showed no tuber- 
culosis or fusiform bacilli or spirillae. The diagnosis was left bronchiectasis. 

Treatment . — ^Two stages of a graded thoracoplasty were performed at inter- 
vals of one week, 10 cm. of the fourth to the eleventh ribs posteriorlj’ being 
resected. Following the second stage operation, a pleural effusion developed. One 
liter of blood stained fluid was aspirated on December 12; on the ne.xt day, 2 
liters of turbid fluid, and on the next day, half a liter of semipurulent fluid were 
withdrawn. The fourth day the fluid was definitely purulent and catheter drainage 
and irrigation were instituted, first, sodium chloride solution and then surgical 
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small recurrent tumcir >yas removed after six months. In three cases, 
death followed reqifrcnce within six months after operation; all of 
these were cases of extensive malignant disease in children. Operative 
death did not occur. 

' REPORT OF CASES 

Case 1.— A. wopi.an, aged 31, was admitted to the Mayo Clinic, Feb. 3, 1926, 
.with pain in., the right. arm and shoulder, which had commenced twenty-four 
years before and had been constant and severe for six months before admission. 
Since the ase of 7 she had had occasional attacks of dull, aching pain in the 



II I 11^^ 

Fig. 1.— Dilatation of superficial veins of neck nerve. 

:orner’s eye syndrome from pressure on right cervical symp 

ght elbow and ulnar side of the -^^t forearm, lasting 

:w minutes to several days. The attac s were ^ had become more 

eated as rheumatism. One year before -dmissio^ ^ 

:equent and severe and of duration. . ^ constantly and with 

:arted as usual but had not subsided “quired for relief- 

Lcreasing severity after that time, so opiates we 
.t the time of admission, the patient was ^ admission, the pam 

venty-four hours. During the last two months hy pai", tmfihnS 

were, especially in the right shoulder. into the fifth, 

nd numbness down the ulnar side o 
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There were no postoperative complications. She suffered little pain after the 
operation except in the shoulder. The cough and sputum disappeared entirel}* 
following the last operation, and the general condition improved markedly. The 
deformity of the chest was much reduced. The patient has reiiorted at intervals 
that she has had no cough or sputum, has gained in weight and is doing all her 
own housework and helping her husband with outside farm work. • Her only 
complaint has been of shortness of breath in attempting to do heavy work. 

SUMMARY OF CASES 

Of the fourteen patients on whom a graded extrapleural thoraco- 
plasty was performed, six were males and eight fehjales. ..Five were 
under 20, the youngest being 12 years of age; seven -were between 
20 and 30, one was 32 and onej 46. In four the symptoms dated from 
infancy. The duration of symptoms in the others ranged from two to 
nine years. In one of the four cases that dated from infancy, there 
was a history of a foreign body and in one of an attack of pneumonia. 
In the other t%vo, there was no known etiology. Possibly these were 
cases of congenital bronchiectasis. In the others, the symptoms followed 
influenza in three, pneumonia in three, empyema in two, appendectomy 
in one and tonsillectomy in one. The right base was invoh’ed in seven, 
the left base in seven. The maximum amount of sputum was under 
200 cc. in one, between 200 and 500 cc. in ten, and between 500 and 
1,000 cc. in two. In case 10, repeated profuse hemoptj'sis was the 
presenting symptom, between the attacks of which he had practically no 
cough or sputum. 

There was a history of occasional attacks of slight fever with pleuritic 
pains in four, but none had had high fever, chills, loss of weight or other 
symptoms characteristic of abscess or pneumonia. 

The roentgenogram in all cases except two showed the characteristic 
indefinitely outlined markings of bronchiectasis and nothing more. In 
one (case 10) the roentgenogram showed no abnormality, and in one 
(case 6) there was some uniform faint clouding characteristic of 
thickened pleura. 

The thoracoplast}' was performed in stages under combined regional 
and gas-ox}’-gen analgesia with alcohol injection of the ners-e trunks 
close to the spine to minimize the pain after operation. The whole length 
of the lower ribs, usually from the third to the eleventh, inclusive, was 
resected in multiple stages, the number of stages depending on the condi- 
tion of the patient. In one (case 6) the thoracoplasty was not completed 
on account of a pneumonia following the fourth stage operation, and 
in one (case 13) on account of emp 3 'ema after the second stage opera- 
tion. A pleuris)' with sterile effusion developed in two cases without 
interfering with the operative treatment. There were no other compli- 
cations. There was no fatality after operation. 
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impaired, and there .v/as numbness, 1 +. The systolic blood pressure was 
90 and the diastolic 78, practically the same in both arms. Raising the right 
arm- caused- diminution -in tlie volume of the pulse and pain in the right hand. 
Dtilness to percussion was found over the upper part of- the right lung, with 
wheezing',, bronchial breathing and increased vocal resonance .and whispered 
sounds.- The urine-and blood were normal (fig. 1). 

Roentgen-ray- 'examination revealed a large circumscribed tumor in the right 
apex, extending ■to"the third rib anteriorly and into the apex above the clavicle, 
moie' anteriorly th’aii posteriorly, with destruction of a portion of the first and 
ss'*:.or.d ribs aUd displacement of the trachea to the left (fig. 2). 



Fig 3.— Fibromyxosarcoma of apex of right lung 
expoJd by resecting first and second ribs and cuttmg the clavmle. 

Because the tumor was known to have been ^^Jy^as’primaril^^^ 

probably existed for a much longer period, it was consi e jj^cause of the 

benign, possibly fibroma, neurofibroma or ermoi ’ admission tlie 

marked increase of symptoms during the six mont p S diagnosis was 

possibility of malignant degeneration was suggested, i he c 
benign tumor, possibly with malignant degeneration, , nd secondary 

lote and apen of tha right lung in dosa pronunity “ ,y„pa.hc.it 

pressure neuritis on the brachial plexus (ulnar) and on tte cen.e 
nerve, producing Horner's sj-ndrome. Exploration was advise . 

I performed the operation on February 9. because tb 
more anteriorly than posteriorly, it seemed best to app 
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are not eradicated the operation has proved effective to the extent of 
markedly relieving cough and sputum in all cases, approximating a 
cure in many. 

For those patients whose sj'mptoms persist to any extent, a cautery 
lobectomy or a resection of the diseased lobe can be performed with 
relative ease of exposure and without the risk of tension pneumothorax 
from a retraction of the bronchial stump or from empj'ema. Sauer- 
bruch reports lobectomy in six cases following thoracoplast}' without 
mortality. i . : 

The operation of graded thoracoplast}"-, in my;- opinion, should be 
limited to undoubted cases of bronchiectasis. In cases ' in ., which the 
bronchiectasis is complicated by multiple or multilocular-cpulmonar^' 
abscess, the operation, in my experience, is relatively ineffective-, and 
the postoperative mortality is high. In a few cases in which abscess 
was recognized or suspected, improvement approximating a^-cure h^s 
resulted, but the operative mortality was more than 40 per cent! • » 

The postmortem examination in all cases showed multiple or multi- 
locular abscess in addition to the bronchiectasis. In my experience, the 
unclouded roentgenogram has been the only sure means of recognizing 
the borderline type of such cases. 

Much renewed interest in the study and treatment of bronchiectasis 
will result from the introduction of iodized oil for its diagnosis. This 
method should be of the greatest value in making possible early diag- 
nosis, in differentiating other pathologic conditions, and in the differenti- 
ation of bilateral involvement. In early unilateral, uncomplicated cases, 
pulmonar)’^ compression, pneumothorax collapse, phrenico-exeresis and 
in cases of insufficient relief by the simpler procedures, graded e-vtra- 
pleural thoracoplasty merits first consideration. For those cases in 
which there is not sufficient relief by these methods, pulmonary' resection 
should be a relatively safe and effective operation. 

ABSTRACT OF DISCUSSION 

Dr. Howard Lilienthal, New York: I wish to say that on theoretical 
grounds I was one of those who doubted the wisdom of thoracoplasty, but I have 
been convinced and now am on Dr. Hedblom’s side. Dr. Packard of Saranac 
Lake referred to me a woman, aged 33 , who had been coughing since she was 
2 years old. In spite of that fact, however, the opposite lung was in good con- 
dition. She had been treated for tuberculosis for a long time. This seems to 
be one of those cases in Avhich there are ca\'ities as well as bronchiectatic condi- 
tions. These cavities were probably not active abscesses, but partly healed cavities 
whose walls were secreting less than the bronchiectasis below. The patient was 
not able to do any work. She was upraising large quantities of sputum : in fact, 
she did not know of a time when she did not spit and cough. I operated on her 
in two stages because she was in splendid condition, and she stood the ordeal 
well. Excellent collapse was secured. After the second stage, the patient stopped 
cougdiing. I have never seen am-thing like it. It was as if a faucet had been 



414 


ARCHIVES OF SURGERY 


sary to remove the pleura with the tumor. The size of the tumor necessitated 
partially breaking it in order to deliver it through the small opening (fig. 4). 
The muscles around the cut ends of the clavicle were sutured together and the 
ends of the bone, which were cut obliquely, were tied together with several 
strands of chromic catgut. These were placed in a groove designed for this 
purpose, and the wound was then closed.- There was moderate shock, and the 
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Fig. 5._Fibromyxosarcoma of apex of right lung, tumor 


patient was given a blood transfusion “2Lrooma°(S”s 

pathologic- etcamination revealed degenerattng (i,„,pse oi tte 

The postoperative course was stormy for t _„eration. The effusion 

right lung, with bloody pleural effusion, absorbed and the 

was removed by aspiration three J ^b and our inability to 

lung reexpanded. Owing to the removal of the first rib, „ t 

splint the arm because of the frequ^t dressings resulted- 

heal by primary union but good fibrous union 
There was almost complete relief from the pain in the shouiae 
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pleural thoracoplasty. In advanced bronchiectasis this conservative type of opera- 
tion has been performed with excellent results by a ‘number of ‘the members 
of this association. It is advisable to try it, particulcrly-‘as'’ifbften is an intro- 
ductory measure to the cautery excision or the resection' oT'th'fe' respective lobes 
of the lung. '* >■ ' ‘ 

Dr. Stuart W. Harmnctokt, Rocliester, Minn.: My experience with surgical 
pleural collapse of the lung by removing the bon}-^ fraUiewdrk has been of only 
two years’ duration so that I cannot report late resultii.j ' My' results have been 
practically the same as those of Dr. Hedblom. My,^.xperierice has been with 
seventeen cases, in which there has been one death from/Bronchiec^atic abscess or 
abscess associated with bronchiectasis. The indications for surgical collapse 
should be established definitely. I have been cautious iir the ‘use of iodized oil in 
cases in which I planned surgical collapse, probably unjustified because of the 
possible retention of the oil. All patients are examined bronchoscopically to 
determine as nearly as possible whether the disease is confined to one lung and 
how extensive it is in that lung. I have usually performed the surgical collapse in 
three or four stages; recently I have been performing a much more extensive 
operation than formerly. I am now taking up the cartilage of the rib, leaving the 
cartilaginous angle from the sixth to the eleventh. Few patients have recurrences 
in which collapse was not complete in the lower lobe most extensively diseased. 
Hemorrhage is one of the chief indications for surgical collapse. The patient 
who died following the first stages was a poor surgical risk. She was sent away 
for three or four months. She returned with a recurrence of symptoms, having 
severe hemorrhage. I believe that death was caused by a cerebral hemorrhage 
due to pneumonia, caused by the retention of secretions. Results in the remaining 
sixteen cases have been satisfactory. I have a follow-up method for the patients. 
Every six months they fill out a questionnaire as to progress. Recent cases show 
results which may not be accurate because the time the cases have been followed 
has been too short. Of twenty-two patients whose cases I have followed for more 
than a year, all are well, and there have been no deaths in the group. Possibly 
some of the cases were of the minor abscess type, but practically all the patients 
have gone back to their usual life, and have been satisfied with the results. I have 
had two patients who have had slight bleeding following surgical collapse, but 
not of any serious degree. I agree with Dr. Hedblom in his views on the subject. 
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107??^ a<J«ij«ed to the Mayo Clinic Anril ?7 

1925, because of a tumor on the left side of the chest wall tJJv , ’ 

he had fallen and injured the left side of the chest wall'at ahnfAT 

axillary line and -thought, that he had fractured a rib. He had expedenclT‘°' 

small flat tumor on one of the ribs in the region of the former injury. There 
was no increase m its size and no pain. One and one-half years before 



Fig. 7. — ^Two and one-half months after removal of tumor from apex of rig t 
lung : separation of fragments of clavicle ; good fibrous union ; almost complete 
reexpansion of lung. 


coming to the clinic, he had received a second injury to the left side of tie 
chest wall while playing football; the attending physician said a rib 
fractured. Strapping the left side of the chest had afforded relief from tic 
pain, and he had been entirely well in two weeks. The small flat tumor was 
still present but did not increase in size. Six months later, he noticed na 
the tumor was a little larger and painful on slight trauma. The tumor was 
then thought to be a permanent callus around the end of the fractured n 
After that time the tumor gradually increased in size, more rapidly during t ic 
last six months, until at the time of his admittance to the clinic, it w'as a ou 
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The rapidity and duration of growth seems to be the most distinctive 
characteristic in this series. The benign tumor? vere practically all of 
slow growth. The malignant tumors were uniformly of more rapid 
growth (table 3). It was noted in three of the., malignant cases that a 
small tumor followed an injury which occurred forty’, twelve and six 
years previous to examination, respectively, and that tlie growth, after 
being dormant for many years, suddenly increased in size. 


Table 1. — Tumor of ihe Chest lYall 
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May 5, I removed the greater portion of the sixth, seventh, ninth and tenth 
ribs, sutured the visceral and parietal pleura around the tumor, resected the 
anterior one third' of the eighth rib and cut the vertebral attachment, thus 
mobilizing'the superficial portion of the tumor. Gauze was then packed around 
the tumor against 'the sutured pleural surfaces. May 18, I removed the tumor 
together with'the'attav.!ied pleura and a portion of the overlying skin (fig. 11). 



^ ^ — ^ j 

Fig. 9.— Osteofibrosarcoma of the eighth rib at anJ at one 

line. There »as an injnry at the site of the tnmor at six yea 
and one-half years before examination. 

There was a moderate amount of bleeding, which j sodium chloride 

pack. Moderate shock followed the operation, and j„,reascd and 

solution was given intravenously. On the s®con^ ^pleural effusjn"’ 

partial collapse of the lung was accompanied eighth day 

which had to be aspirated on two ^ ^ had no furtl'"’ 

operation the patient’s condition improved ““ “ebed and the « 

plications. The pleural eSnsion was gradually absorne 
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operation. Pleural effusion and collapse of the lung oh that side followed 
the operation in both cases. The pleural effusion was aspirated and 
absorption of the fluid followed wifli ultimate complete reexpansion 
of the lung. There was a small recurrent tumor -in one case after six 
months, and it was removed. There has been no recurrence in the other 
case, and the patient is in good condition now, seventeen months after 
operation. 

Radical operation was performed in six cases of tumor of the chest 
wall, with recurrence and death in one case five months after operation. 
In five cases there was no recurrence, and the patients arc in good 
condition. The shortest length of time since operation is eleven months. 
Palliative operation was performed in two cases, in both of which death 
has subsequently occurred. Operative death did not occur. Three 
children under 15 years of age have died since operation. 

The cases of malignant tumor \vere all classified pathological!}' as 
sarcoma, with one exception, which was endothelioma. The grading of 
the malignancy in the report of cases follows Broders’ classification. 

In the five benign cases the diagnosis was : atrophy of bone, tubercu- 
lous osteomyelitis, exostosis of bone, achondrosis of cartilage and areas 
of necrosis of cartilage. 

SUMMARY OF CASES 

In eleven of the sixteen cases of tumor of the chest, either intra- 
thoracic or parietal, reported here, the tumor was- malignant, and in five 
benign ; in two cases of malignant tumor, it was intrathoracic. 

The clinical differentiation of early malignant and benign tumors of 
the chest wall is difficult. When the diagnosis is doubtful, exploratory 
thoracotomy is indicated. 

Early radical extirpation of malignant tumors, folbjwed by radio- 
therapy instituted at the time of operation or immediately after operation, 
has given the best results. In cases of extensive disease, partial removal 
of the tumor, followed by the use of radium, did not seem to prolong 
the life of the patient or relieve the S}Tnptoms. Intrathoracic tumors 
at the apex of the lung may be exposed by cutting the clavicle. I^-irge 
intrathoracic tumors of the lateral wall of the thorax may be removed by 
a two-stage operation, the first stage being directed at walling off the 
general pleural cavity by the formation of adhesions between the 
visceral and parietal pleura around the tumor. 

Ethylene gas is a satisfactory type of anesthetic, and should be used 
with a positive i>ressure apiiaratus as the pleural cavity may be opened 
during any operation. 

In six of the cases of malignant tumor, there has been no recurrence, 
and the patients have been well for from eleven to eighteen months after 
radical removal of the tumor. In one case of intrathoracic tumor, a 
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Every few days -e was marked aching of the entire left side of the face, 
which lasted for I'bj.n and required sedatives for relief. The use of “medicine' 
brought some relief .iiom the pain, but no other treatment was given. There 
had been a loss of '8 pounds (3.6 Kg.) in weight in two months. Dyspnk on 
exertion had become nrogressivcly worse. 


- 



Fig. 11 .— Osteofibrosarcoma on the left side of the »« 

(intrathoraeic). Portions of the eighth rib resected 

removed, the pleura sutured aud the autermr one-third of the eig 

to mobilize the tumor. ^ 

The patient seemed to be undernourished. A tumor of Jhe r^g^ 
bony chest wall posteriorly involved the j j g^apular region 

medial to the scapula. There was *",0^04 heat in the lef 

and marked tenderness in the left axilla. There cyanotic. Tlie puP' 

arm and hand, and the nails of the left hand ^ f ^the lid (Horner-* 

of the left eye was contracted, and there was ptosis of 
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and ulnar side of the third finger of the right hand,;y.3?he -right arn> was never, 
swollen, and the patient said she thought that the arm had become slightly 
smaller during the last year. She had lost 5 pounds J2.3 Kg.) in waght during 
the year. She had been subject to migraine headaches for'’ many years'. There were 
no respiratory symptoms other than undue dyspnea on exertion". Four years 
before admission, a general examination had been undertaken because of sus- 
pected anemia. The abnormal physical signs in the upper part of the right lung 
prompted roentgenographic investigation, and a tumor was' 'found al the apex of 
the right lung which extended to the level of the second' rib. • The' finding of 



Fig. 2. — Circumscribed tumor of upper part of right lung, with partial 
destruction of the first and second ribs. 

the tumor was accidental, and there was no association made between the attacks 
of pain described above and the presence of the tumor until three and one-half 
years later, when the pain became constant and severe. Intensive roentgen-ray 
treatment was instituted without relief of the symptoms or any appreciable 
decrease in the size of the tumor. 

The patient was moderately developed and nourished, weiglu'jtg 100 pounds 
(45.4 Kg.). The pupils were unequal, the right contracted, and lltcrc was ptosis 
of the right eyelid (Horner’s eye syndrome). The superficial veins in the righ: 
side of the neck and upper part of the cliest were moderately dilated. Titc ri?-’ - 
hand was smaller than the left (the forearm 2 cm. smaller"), sensation ” ' 
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returned porr.t the fourteenth day following operation. A poor prognosis 
was givci!f/ '"id > ere was only slight relief from the pain. The patient died 
May 7. ' 

Case 4.-;' irj;"agcd IS years, was admitted to the Mayo Clinic, Nov. 14, 
1925, stating . slVc had had good health until five months before, when she 
had first notice.. 7 ain in the posterior part of the chest wall on the right, just 



Fig 13.— Fifteen months after radical excision of ^ ^ (5.4 Kg.) 

left IL of chest wall and eighth rib; the pat.ent was 12 po" 

above normal weight. ' jnorc 

below the shoulder blade, when lying in J"?' . ^eathtng t^rweek 
noticeable until its seventy caused three months befo e 

to admission, she had been confined to bed Abo^^^ m 

admission (two months after t e onse o ^ examination it 

the painful region. It gr.v previously was reporte 

7 cm. long. A specimen of tissue reniu 
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anterior thoracic wall, and to complete the operation in one stage, if possible, 
so as not to interfere with the reexpansion of the lung. In two stage opera- 
tions, the thickening of the pleura following the first itagc of the operation often 
limits reexpansion. One incision was made from the base of the neck, over th.c 
juncture of the inner and middle thirds of the clavicle, Lo t>’e second rib, and 
a second was made along the second rib from the sternum lo tiie anterior 
axillary line. The pectoral muscles were severed. The second rib was found 
to be partially degenerated, and the anterior half was •removed. The clavicle 
was then sawed through at the juncture of the inner and middle thiids and the 
first rib thus exposed. It was markedly degenerated, and the antciior half w.»s 



Fig. 4. — Fibromyxosarcoma of ape.x of right lung; removal oi tumor by 
enucleation and maceration with finger. 

removed. The subclavian vessels were pushed out of the field and protected 
by gauze sponges. Retraction of the two cut ends of the clavicle exposed the 
ape.x of the lung, and the tinnor could be seen bulging through the second 
interspace to the ape.x of the thoracic cavity. Just above the first ril> the 
tumor had crowded the lung tissue entirely out of the apex of the thoracic cavity 
and presented just beneath the parietal pleura. .'\ small incision was made over 
the tumor, which was found to have a fairly well marked capsule, although at 
points it was adherent to the pleura (fig. 3). The pleura was easily separated 
on all sides except at the mesial portion, where the tumor was firmly attached 
to the vertebra by a pedicle about 2.5 cm, in diameter. It had to }>e torn from 
the vertebrate attachment, with a moderate amount of bleeding. It was neces- 
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eig ; 
was ' 
packcc 
forty-ci:^ . 

I sarcomaj 
! ’ ConvaK 


Kesul- ' tumor had then reappeared. At the sixth week, she com- 
. . on moving the right arm. Little change was noted on examina- 
"e presence of a tumor, at the site of the previous operation in the 
' ' ^tion of the thorax. The hemoglobin was 44. per cent. The 
■^nation showed destruction of the eighth rib posteriorly on 
t;, ^Jeuritic thickening at the right base. 

' -j,, ,,. i.lthe tumor, radically removing the posterior half of the 
eig . d ostal muscles and a portion of the pleura. The pleura 

was ' j^ai. g left pleural cavity was not opened. The wound was 

packcc \'^'au;!'-‘, ,..'nd radium was inserted when the gauze was removed 

f'ortv-m- . V'.rs aiti'r. the operation. The pathologic report \yas osteogenic 
I sarcoma, 4. 

! * ConvaK •• wa's uneventful. The patient returned for radium treatment, 

September,!., ;uid there, was no local evidence of recurrence at this time. The 
• ‘emoglobm was 38 per cent. 

A i'etter! from the child’s parents stated that she had died, December lo, 
■''■proximately nine months from the time the tumor was first noticed. She 
■ ''ered a great deal of pain from. about two weeks following the last radium 

"■ liment until death. 

'•ase 6 .— a man, aged 58, was admitted to the Mayo Clinic, Aug. 27, 19Z5, 
because of a tumor of the right side of the chest wall. Forty 
lie^iad been kicked in the right side of the chest by a mule, and there ha 
a sjtiiall tumor about 2.5 cm. in diameter at the site of t e 
Thdre was little growth until six months before his 
ii^nic, but after that it doubled in size. There was no pain, loss of weigui 

respiratory symptoms. . _ . / a 

Results of the physical examination were essentially j the 

hard, irregular tumor, 7.5 by 10 cm. in size, which was ® 

fourth rib on the right. Results of the laboraton^ ^^™*"^ciinwed a tumor 
tically negative. Roentgen-ray examination of t e ^ thickening at the 

involving the third and fourth ribs on the right wit p e of 

second, third and fourth interspaces. The diagnosis was m g 
the right side of the chest wall, probably sarcoma. fourth rib and 

September 3, I resected the tumor with about a thjrd oj t ^f^^ 
the surrounding tissue. The tumor was about 10 cm. in leng thologic 

complete destruction of about one-fourth of the fourth rib. 
diagnosis was chondrosarcoma, grade 1 . dven over the 


ignosis was cnonarosai 

Convalescence was uneventful, and radium 4 , 926 eight months 

A letter from the patient’s physician. May , > ^,^5 


affected area. A letter from the patient s physician, m > , 
after the operation, stated that he had examined 

no evidence of recurrence. He was doing manua jp25, 

Case 7.-A man, aged 54, was admited to the Twelve 

complaining chiefly of a tumor of the rig si ® j gt ,vall from 

years before admission injury of the right area. Thj 

a fall had been followed by soreness and severe pa j The pai" had 

patient was not certain whether the ribs had been fractu^^ 

subsided in about two weeks, and there sensation on the right side 

months before admission, when he noticed a^urn g j^efore. 

of the lower part of the chest at about the site °^he 'n)u^y jn^movablc mas 
The burning continued, and in a few weeks he gradually increase 

which was connected with the right >ower ri . symptoms, 

in size, but there was no pain, loss of weight or respiratory 
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Six months after the operation, the patient returned for observation. She 
as in good health and had gained 9 pounds (4,1 Kg.) in weight. There was 
.casional pain in the right forearm and some limitation of the motion of the 
ght arm, due to the fibrous union of the clavicle. There was no cough, fever. 
>utum, hemorrhage or undue dyspnea. Horner’s syndrome persisted; The 
mph nodes in the axillary and supraclavicular regions were normal. There 
as a small hard mass just below the clavicle on the outer border of the 
ictoralis major. On removal it was found to be a small recurrent tumor in 
le substance of the major pectoral muscle, measuring a little more than i cm. 

1 diameter, and of the same type as the original tumor. Radium and roengen- 
ly treatments were given. 

In a reply to a questionnaire, sent Sept. 4, 1926, the patient slated that her 
meral condition was satisfactory in every respect except for slight, restriction 
I the motion of the right arm and some shortness of breath on moderate 
certion. She had maintained the gain in weight (figs, 7 and 8). 



Fig, 6. — Degenerating fibromyxosarcoma ; XlFtK 


Tin's case is of interest because of the rarity of operable ininor.s in 
his situation. From its point of attachment it would seem that this 
umor had originated in the intervertebral disk of the first and secoml 
horacic vertebrae, and from its apparent long duration one would 
:oncludc that it probably was at first a simj>lc fibromyxoma, which 
lad undergone malignant degeneration. This emphasizes the necessity 
>f recognizing intrathoracic tumors early as the iKJssiblc cause of sui>- 
cctive symptoms other than those of a respiratory nature, and of 
iperating early when iwssible. I have not found any record of a similar 
rase in which the approacli was made by cutting the clavicle. The 
rxposure was satisfactory in this case, and the resultant slight limitation 
)f motion of the arm was of no practical importance. I do not believe 
hat it should he considered a contraindication to this method of approach. 
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feu1;ls of physical examination were essentially negative except for a Janre 
tumour jiii \he lower angle of the left scapula presenting at the axillary bord^ 
about 10 cm, in diameter; it moved with the scapula and had pushed the scapula 
upward and backward. There was moderate limitation of the motion of the 
left arm. There were a few small enlarged lymph nodes in the right axilla 
Results of laboratory examinations were practically negative, as were also 
those of roentgeiiiray examination of the thorax and scapula. The clinical 
diagnosis was tumor of the left scapula and chest wall, probably benign fibroma 
or possibly fibrosarcoma. 


October 8, I removed a large tumor, measuring 12 by 9 by 5. cm., whicii 
extended beneath and* along the vertebral border of the scapula and was attached 
to its- ventral surface, as well as to the chest wall under the scapula. The 
tumor wa.s 'encapsulated, and enucleated easily except at its two points of 
attachment'. Pathologic examination disclosed fibrosarcoma in a fibroma. 

Convalescence was uneventful. Intensive radium treatment was applied 
over the area affected. In a reply to a questionnaire of Sept. 4, 1926, the 
patient stated that his general health was excellent, that he carried on all bis 
usual activities and that there was no limitation of the motion of the arm. He 
had gained 12 pounds (5.4 Kg.), and there was ho evidence of recurrence of 
the tumor. 


Case 10. — A woman, aged 46, was admitted to the Mayo Clinic, June 23, 
1925; two years previously the left breast had been removed for malignant 
disease. Four months before coming to the clinic, , the patient had noticed a 
tumor in the right breast and this had increased gradually in size. There was 
■no pain, loss of- weight or respiratory symptoms, and no history of injury 
There was a postoperative scar from removal of the left breast two years 
previously, without evidence of recurrence in the scar or regional lymph nodes. 
There was a hard mass beneath the lower medial quadrant of the right breast, 
which was fixed to the chest wall at the fifth rib. There was no enlargement 
of the axillary lymph nodes. Results of laboratory examinations were prac 
tically negative, as were those of roentgen-ray examination of the thora.x. 
The clinical diagnosis was malignant tumor of the right -wall of the cies, 
probably sarcoma or metastatic carcinoma. 

July 2, I resected the tumor and about 7 cm. of the fifth rib and the sur^ 
rounding tissue, including the cartilage and a portion of the sternum. 
pleural cavity was not opened. The wound was packed with gauge and mtens^v^ 
radium treatment was given later. The pathologic diagnosis was lymp o 
sarcoma, myeloma type. Convalescence was uneventful. ^ 

The patient returned for observation, November 24, and w'as in 
general condition. There was no evidence of recurrence. In a rep J 
questionnaire, sent Sept. 4, 1926, she stated that her health was goo an ^ 

she was doing practically all her own work. She had gained 22 poun s 
in weight. She had some pain in the right side of the chest an spin 
especially tired. There was no evidence of recurrence of the tumor. 

Case 11. — A woman, aged 29, was admitted to the Mayo Clinic, Jul> ' 
stating that five years before admission she had first noticed a sma 
in the posterior part of the chest wall on the right. There was no ^ 
of injury, soreness or pain. 'The tumor grew slowly for two .jiaJf 

began to enlarge rapidly and attained a diameter of 10 cm. in one an 
years, at which time it first caused pain. The tumor was excise ,j,, 

one and one-half shears beforb she came to the clinic. Two or f n'ec 
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wall, and was not painful on pressure. Results of the laboratory examinations 

the roentgen-ray examination oi 

the thorax. The clinical diagnosis was malignant tumor of the wall of the 
chest on the right. 

July 21, I drained a tuberculous, abscess under the right pectoral muscle 
which had originated in the chest wall, probably from the eighth to the ninth 
costal cartilage. Convalescence was uneventful. 


In a reply to a questionnaire of Sept. 4, 1926, the patient stated that her general 
condition was good and that she was able to carry on most of her usual 
activities. There had been no loss of weight. She suffered more shortness of 
breath on exertion than normally. 


Case 14. — A woman, aged 29, was admitted to the clinic, Aug. 7, 1925, her 
chief complaint' being pain and tumor in the right side of the chest. Six years 
'.’•e.viously, She had received a blow on the right side of the chest and since 
: time had experienced occasional pain. She had been struck again in the 
“. place one year before admission and the pain had been more pronounced 
' that time. She had first noticed the tumor of the rib several months 
' • admission. Pus had drained from the right breast periodically for the 

.1 three to six years. The lymph nodes under the right arm had been 
pa.iiiful for the last six months, and there had been pain on motion of the right 
arm. The patient had many other irrelevant complaints. . She had lost 
5 pounds (2.3 Kg.) but had had no respiratory symptoms. 

There was prominence of the third rib on the right with tenderness on 
pressure. Roentgen-ray examination of the thorax showed slight density at the 
right fourth intercostal space. The clinical diagnosis was old fracture of the 
fourth rib with callous formation. Conservative treatment was advised. 

The patient returned, September 1, greatly worried about the tumor, stating 
that pain was severe and constant and that she feared malignancy. There iiad 
been no change in the character of the tumor, but the patient wished a positive 
diagnosis. Exploration was advised. 

At operation, September 3, I found an old fracture of the third rib anteriorly 
with exostosis of the bone. The pathologic diagnosis was exostosis, probably 
old fracture. Convalescence was uneventful. 


Case IS. — ^A woman, aged 37, was admitted to the Mayo Clinic, Feb. 2.^ 
1925, her chief complaint being tumor of the anterior chest wall. Five months 
before she came to the clinic she had first noticed a tumor of the third left 
costal cartilage. There was no history of injury or pain. The tumor increased 
in size slowly and the patient worried about malignancy. There was no loss 
of weight and no respiratory symptoms were noted. 

There was a small tumor of the third rib at its juncture with the cartilage. 
Roentgen-ray examination of the thorax .was negative. The clinical d^agIlost^ 
was tumor of the left anterior portion of the chest wall, probably benign. 

The patient returned. October 7, greatly worried because the tumor sccineU 
to have increased in size and had become somewhat painful. Her geiur.*! 
condition was unchanged, but she was nen'ous and worried. She b.id g.n»(« 

10 pounds (4.5 Kg.), _ , • • •. tIil- 

October 8, I removed the cartilage and about 2.5 cm. of the third ri j. 
pathologic diagnosis was achondrosis of the costal cartilage. Coin.dc-ctmt 


was uneventful. 

Case 16.— .A. woman, aged 32. was admitted to the Mayo Clinic. Sept. - 
1925, stating that seven years previously she had first noticed a lump m t 
right breast. It had increased in size slowly for six years and had be> n pam « 
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skull and scapula. I myself when operating on these patients always add 
air-tight drainage of the' pleural cavity for two or three days. It excludes 
worry in the first days after operation, as the often abundant secretion of the 
pleura and the parenchymatous bleeding from the resected ribs into the pleural 
cavity can be drained off by this method. 

Dr. Carl A. Kedblom, Chicago: The end-result following operation for 
sarcoma of ihe thorax is discouraging. The operation is worth while in the 
majority of cases because life is prolonged and the patient made more com- 
fortable, but if ■ one studies the end-results after a period of years, as in a 
series of ‘200 chest wall tumors that I reviewed some years ago, one is struck 
with the fact that practically without exception these patients die of sarcoma. 
One patient in the Mayo Clinic series lived six years and one was s 3 'mptom- 
free after twelve years. Dr. Harrington’s cases, with the one exception of the 
epithelioma, were all cases of sarcoma of some secondary type. The point I 
wish to make particularly is that a large proportion of the cases of sarcoma 
begin as nonmalignant tumors, particularly chondroma, and it is during this 
stage of the tumor that we can hope for a permanent cure if only we can get 
the family physician, who sees the patient first, to realize the importance of 
prompt treatment as soon as the tumor is recognized. Of course, a con- 
siderable proportion begin as sarcoma, and in such cases this argument does 
not apply. But I have seen chondroma and osteochondroma present from five 
to twenty years before the onset of symptoms indicating malignant changes. 
One other point as to differential diagnosis : "When the tumor is small, it may 
be difficult to decide whether one is dealing with a neoplasm or with an 
unnatural bulge of a rib. I have had several such cases, and I have taken the 
attitude that it is better to perform exploratory operations for a simple abnor- 
mality of the rib than to miss a neoplasm in the early stage. I have found 
in some such cases that the appearance of a tumor was produced by a bulging, 
usually of the second or third rib at the costochondral junction, at which the 
rib would seem to have grown longer than the normal length and so have 
caused a bulge of the rib at that point. I have excised several such bulging 
ribs without any complications resulting. 

I was much interested in Dr. Lilienthal’s suggestion. In these cases of 
sarcoma anything that may seem promising is worth a trial, but I would plead 
especially for emphasis on the point that any tumor of the chest wall should 
be dealt with radically during the early stage. In that w'ay, we will be able 
to remove growths before they have developed malignant changes. 

Dr. Leon T. LeWald, New York: I wish that Dr. Harrington would give 
us further suggestions as to the differential diagnosis between benign and 
malignant tumors of the chest. Dr. Hedblom has emphasized exploration as 
one waj' of diagnosis. In one ,case which I saw, the posterior diagnosis o 
malignancy was not made until there was rib involvement. The^man was 
years old. He had had pain and cough for six months. The lesion was con- 
sidered at first to be an enci'sted empyema until a negative puncture was 
made. The diagnosis of a malignant tumor was not suspected. At the time 
that Dr. Green and I saw him, after a number of exposures had been made 
producing roentgenograms with variations in density, we dcliber.'ite > o\cr 
exposed the film, and by thus penetrating the tumor mass and blotting on 
all lung detail, we were able to show definite rib involvement. The dmgno^i^ 
was confirmed by operation- The tumor was an cpithcliorna an ^ 
inoperable. The patient died shortly afterward. Are there any critcrm f*’'’ * 
ilifTercntial diagnosis between benign and malignant tumor.s growing ow > ■ 
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sjudrome). There was no enlargement of the regional Tiph nodes. The 
hemoglobin was 68 per cent; erj-throcjtes numbered '£.>10.000 and leubo- 
cj'tes 10,100. The Wassermann and Pirquet tests were ne£;at«’»'e. Other labora- 
tory* studies were esentially negative. The long capillaries showed no dilatation 
in an 3 ' of the loops ; there was no stasis, and the flow was e*,-en and fast. There 
was no difference in the capillaries of the hands. The temperature of the skin 
at the shoulder on the left was 34.5. right, 33£J: above the elbow, left. 32.9. 
right, 32.3; below the elbow, left, 35.3. right, 33: on the back of hand, left. 
36.4, and right, 33.9. 

Ophthalmologic examination showed that vision was practicalh* equal, and 
the ocular reflexes and visual fields normal: the fundus was normal, and 
Horner's syndrome was present on the left. Roentgen-ray examination of the 
thorax showed a tumor in the left side of the upper part of the chest wall, with 
extensive destruction of the first and second ribs posteriorlj*. The clinical 
diagnosis was malignant tumor of the upper region of the bony chest wall 



Fig. 12. — Osteofibrosarcoma, grade 3 ; X I'O. 

on the left, with peripheral neuritis from involvement of the brachial plexus 
and the cervical sj'mpathetic nem'e. 

March 16, I explored the tumor through a vertical incision in the left side 
of the chest wall posteriorh* between the scapula and vertebrae. The scapula 
was not involved, and lateral retraction of it permitted good exposure. There 
was an extensive infiltrating tumor which seemed to have originated in the 
first and second ribs, to have extended into the tliorax and to have infiltrated 
the intercostal tissue doi\'n the posterior wall of the chest,' completely encircling 
the third and fourth ribs and extending media.lly into the vertebrae. It was 
impossible to remove the tumor completeh* because of its infiltrating character. 
The accessible portion of tlie tumor was removed with the third and fourth 
ribs, and the cavitj* was packed with gauze. Later, radium was inserted into 
the pocket when the gauze was removed. Pathologic e.xamination disclosed 
osteogenic sarcoma, grade 3. 

There was moderate shock following the operation, but the patient soon 
recovered. Radium treatment was given on the fifth da^'. and the patient 



ANESTHESIA ; IN EXTRAPLEURAL THORACOPLASTY 
FOR ApVANCED PULMONARY TUBERCULOSIS 

• WILLY MEYER, M.D. 

NEW YORK 

The surgical ■ treatment of tuberculous patients who no longer 
respond to a medical or hygienic regimen is beginning to be the accepted 
procedure in tlus country, to the. great satisfaction of those who have 
long believed in its efficacy and the possibility of thus bringing help to 
many pat Kills in an advanced stage of disease. 

It is. .recognized that these patients should not be obliged to travel 
many hundreds or thousands of miles in order to find specialists who 
are able- to establish the proper indication for operative intervention, 
and to carry out the required work intelligently and correctly in all its 
details during and after the operation. It is therefore to be expected 
that soon every large city in America will have competent medical men 
who have seen, examined and studied patients of this type from the med- 
ical roentgenologic and operative points of view and who have exchanged 
views and are masters of the required technic. For here the proper 
regard for details helps in the successful issue of the case in hand ; here 
the harmonious and willing cooperation of internist or phthisicist, of 
roentgenologist and surgeon will achieve triumphs. Teamwork with the 
elimination of the personal equation is the watchword; the patient’s 
welfare, the slogan that governs. 

That all details in this development will require separate discn.ssion 
is evident. One of these is the anesthesia. This should be the same as 
in other parts of the body, local with regional analgesia, general 
inhalation anesthesia, colonic and a combination of two or more of 
these. 

Always to have the patient’s best interest at heart, adapting the 
method to the patient and not the patient to the method, is a paramount 
requirement. It does not seem wise to me for the surgeon to say. 
“In my service all these patients are operated on under general anes- 
thesia,” or, “I use only regional and local anesthetics,” for he has to 
deal with such widelv differing conditions in these chronic patients that 
no standardized treatment can do justice to all. One may have a 
cavity in the upper lobe, the other an additional loc.alizcd cmpyem.i, 
the third an emp\'ema fistula with involvement of the opposite ajiex , 
one ma}' have retained his original morale and undergo tlie operation 
with courage and confidence, the other may have lost it cornpletciv. 
For the latter to remain conscious and able to Wtatch the varion.'^ stcj)-> m 
the oj>cmtion. although he suffer.^ no phy.sical pain, would mean an addi- 


HARRINGTON-rSURGERY OF CHEST TUMORS . 423 

sarcoma. The patient had lost 5 pounds (2.3 Kg.), and app e, and strength 
had failed markedly during the last tAvo u'ceks. There was p,"' istoi'”’ of injury, 
and there had been no respiratory symptoms. ' _ ■’ 

The physical examination was essentially negative except,.fc|’' / large tumor 
in the posterior part of the chest on the right (scapular regio'" ; hich pushed 
the scapula upward and forward. The tumor was hard and ^ntly ^tepder;' it 
was not attached to the skin except at the site of the recent ''•pefative scar over 
the surface of the. tumor. Regiona.l lymph nodes were not .involved. The 
hemoglobin was . 72, per cent ; .the erythrocytes :numbered >4^4^,000 and the 
leukocytes 14,700. -The results of other laboratory examinations were negative. 
Roentgen-ray 'examination of the thorax showed increased' 'density over the 
fifth, sixth, seventh and eighth ribs and interspaces, with questionable involve- 
ment of the lung. . The. clinical diagnosis was malignant tumor of the right 
posterior region of the chest. Avail, probably sarcoma; r' 

December 1, I 'made a large vertical incision, excising the old scar betAveen 
the vertebra and the scapula/ and obtained good . exposure : by elevating the 
scapula. There Avas.a large infiltrating tumor, Avhich 'invoh'ed the posterior 
third of the fourth, fifth,' sixth, ..seventh and eighth ribs and intervening inter- 
costal tissue front the. vertebral attachment laterally. Macroscopically, it 
appeared to be malignant. The entire mass Avas removed, including the pleura, 
and the posterior half 'of the fourth, fifth, sixth, seventh. and eighth -ribs. There 
were areas of infiltration and thinning that indicated Apparent involvement of 
the vertebra, jvhich could not be removed. Radium Avas inserted in a rubber 
tube and placed along the vertebra at the time of operation. The pathologic 
examination showed, endothelioma, grade 4. There Avas little shock folloAV- 
ing the operation, and there were no postoperative complications. The 
patient was dismissed from the hospital on the thirteenth day and returned home 
on the tAventy-third day after operation. Relief from pain Avas only temporarj’, 
and about three months, after the operation a recurrence involved the spinal 
cord and caused paralysis of both legs. The tumor recurred in both lungs also, 
and the patient died five months after the operation. 

Case 5.— A girl, aged 3 years, Avas admitted. May 7, 1925, because of tumor 
of the right side of the chest Avail. A small tumor just beloAV the right shoulder- 
blade was first noticed by the parents six Aveeks before the\- brought the 
child to the clinic. It had increased in size rapidly but there wa-. no pain. The 
child had lost 3 pounds (1.4 Kg.). The tumor had been excised eIse\A'hcre ten 
days before admission, and on pathologic examination it Avas found to be 
sarcoma. There Avere no respiratory symptoms and no history of injury. 

The child Avas Avell developed but rather poorly nourished; the skin Avas 
dry, and there was an appearance of anemia. The bard, firm tumor of the right 
side of the chest Avail in the axillary line Avas firm.ly attached to the ribs. The 
hemoglobin Avas 40 per cent; the erythrocj’tes numbered 3,440,000 and leuko- 
cytes 8,500, Avith a normal differential count. The blood Wassermann reaction Avas 
negative. The results of other laboratory examinations Averc ncgatiA’c. 
Roentgen-ray examination of the thorax shoAved a circumscribed area AA-ith 
increased density in the loAver right lobe and pleuritic tliickening at the right 
base as high as the fourth rib. The clinical diagnosis Avas malignant tumor 
of the right side of the bony cliest AA-all, probably sarcoma. Because of recent 
operation radium AA'as advised, and the patient AA-as asked to return in a month 
for obserA'ation. 

The child Avas brought back for obserA-ation, July 8, sca'cii AA'ceks after 
dismissal. The parents said that her condition had been good for about four 
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inhalation anetlies^a, a straight general anesthesia having been deemed 
inadvisable in view of ithe large amount of expectoration present. In a 
second case^ also bronchiectatic, the symptoms of deep collapse set in 
after operation. Little blood had been lost; only a superficial additional 
inhalation anesthesia had been employed. The collapse, which did not 
yield; to -ai^ kind of subcutaneous or intravenous stimulation, could be 
attribute ' - -ly to the method of regional anesthesia. 

■' ■•I'The ' ■' nacher method, which reaches and infiltrates the nei^’es 

at the -COS' '^e, appeals more to the surgeon than the Kappis method, 
ahd us ?' procedure. In the hands of Sauerbruch, in whose clinic it 
ofiginate<:..' ';»d in those of many other surgeons, including myself, it has 
■givert satisfactory results, although occasionally the analgesia has been 
•'reported- to have been incomplete. 

If might be a good plan to make it a rule first to anesthetize skin, 
fascia and muscles and inject each thoracic nerve as it presents itself 
in the course of the operation at or beyond (medially) the angle of the 
rib. I believe this procedure has already been accepted as the best and 
most reliable by many surgeons. The question as to whether the nerves 
should then best be anesthetized locally with a 0.5 per cent epinephrine 
hydrochloride-procaine solution injected directly with alcohol, or resected, 
has not been settled definitely. It seems desirable that different operators 
should try out these methods in this particular respect and publish the 
observations made certain a short time after operation, and the after- 
effects b)' means of the follow-up system. To know whether the immedi- 
ate postoperative pains usually observed are reduced or totally absent ; to 
know how long it usually takes for sensation to return after direct alcohol 
injection, whether the prolonged absence of sensation is in any way 
annoying to the patient, and similar points is of greatest interest to the 
prospective operator and wilhbe a valuable guide to him. 

GENERAL INHALATION ANESTHESIA 

I consider it not to the best interest of tuberculous patients to he 
subjected to a straight ether and oxygen or a gas-oxygen anesthesia, 
nitrous oxide or ethylene, with a mask placed tightly over the mouth 
and face. From a prophylactic point of view this method certainly must 
be inferior to others. Our aim when operating on tuberculous patients 
should be to hold in check as much as possible aspiration within the 
lung as well as the discharge of saliva and of mucus in larynx, trachea 
and bronchial tree: ether inhalation increases the latter. If it is neces- 
sary to use straight inhalation, a procedure should be used which 
permits of holding the ma.sk a distance from the mouth to gi'C the 
patient a chance to inhale plenty of air. I have reference to the dro,) 
method, emploving. for instance, a mixture of chloroform, eth.ei .uu 
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The physical examination was essentially negative except for = -mor 
fixed mass, about 5 b 3 - S cm. in' size, which was attached to thr 'VV' 
at the anterior axillary line. Results of laboratory examinr ’ 'v 

tically. negative. Roentgen-raj' examination of the thorax 
shadow just above the diaphragm on the right side, which - . - ' i 

tumor apparentl}'- attached to the ribs and involving the ,dl 

diagnosis was malignant tumor of the right side of the v »ly 

sarcoma. 

Februarj' 6, I explored and found the tumor involvint feif ninth 

ribs and cartilages. The tumor was radically resected ■ , the packed 

with gauze. Radium was inserted into the wound when lie pac .-emoved 

forty-eight hours after operation. The pathologic diagnosi chondro- 

sarcoma. Convalescence was uneventful. 


The patient returned for observation and a second course of .aciium treat 
ment, April 28. There was no evidence of recurrence. He has rcturnc 
periodically since for investigation and at his last visit, Sept. 10, 1926, he hr 
gained about 5 pounds (2.3 Kg.) and was in good general condition. He v 
working every day and had had no respiratory symptoms, except slight paii 
exertion. There was no evidence of recurrence either b,v phj'sical or roen! 
ray examination. 

Case 8. — man, aged 42, was admitted to the Maj'o Clinic, .Aug. 10, '1925, 
because of a tumor of the left side of the chest wall. Two months befoic 
admission the patient had first noticed a small growth on the anterior wall of 
the left side of the chest. This had gradually increased in size until at the time 
of examination it measured approximately 7 by 4 cm. There was no history 
of pain, injury, loss of weight or respiratory sj’mptoms. Electric treatments 
had been given ; they seemed to increase the size of the growth. 

The physical examination was essentially negative except for a firm tumor 
which was attached to the sternum on the left side of the chest and which 
involved the second and third ribs. Roentgen-ray examination of the thorax 
was negative. There was no enlargement of the regional Ij'mph nodes. The 
clinical diagnosis was malignant tumor of the left side of the chest wall, 
probably sarcoma. 

August 18, I resected the tumor widely. It presented from the second left 
interspace, close to the sternum, and involved the second and third cartilages, 
a proximal portion of these ribs and the sternum. The wound was packed with 
gauze and radium was inserted fortj'-cight hours after operation. The 
pathologic examination revealed Ij’mphosarcoma, grade 4. 

Convalescence was uneventful, and the patient was dismissed from the hos- 
pital on the ninth daj' and from observation three weeks after operation. In a 
repl 3 ' to a questionnaire, sent September 4, he stated that he was enjoying fairly 
good health but had some pain and dy'spnea on e.\ertion. He was able to carry* 
on most of his usual activities. There was no evidence of recurrence. 

Case 9 . — A man, aged 45, was admitted to the ]Ma 3 'o Clinic, Oct, 5, 1925, 
because of a tumor in the left side of the chest. The patient had first noticed! 
a tumor of the left side of the chest below the scapula, si,v months before 
presenting himself at the clinic. It had increased in size gradually. There 
was marked limitation of the motion of the left arm for three months. There 
had been no pain, loss of weight or respiratory symptoms, and there was no 
history of injury*. Six roentgen-ray* treatments had not affected the size of 
the tumor. 
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tions for the second stage were made in her room; she thought she was to have 
an enema, as she had been receiving them frequently. As a deep colonic anesthesia 
was not desired, less than the usual quantity of ether-oil was given, yet she fell 
asleep in her bed and did not know she was being transferred to the operating 
I’oom. A few additional whiffs of anesthetic, administered by an expert, allowed 
tne to carry out- the required excision of the upper ribs, including the first. The 
patient awoke in her room. There was the same perfect primary union of the 
wound as after the first stage. She was at the hospital five weeks in all. Two 
months after the second operation, tubercle bacilli could not be found in the 
sputum on careful search;- they had been plentiful when looked for before the 
surgical -work was started. She is now recovering from the unilateral pulmonary 
tuberculous affection. 


Of course the second stage could have been performed under 
regional and local anesthesia; it could also have been performed under 
the straight inhalation anesthesia. But that would not have been to tlie 
best interest of the patient; it would have meant adapting the patient 
to the method, instead of the method to the patient. 

I am unable to present a series of similar observations, but the 
experience gathered from one carefully followed case is of value. I 
have no doubt that a number of members of our association have 
availed themselves of the advantages offered by colonic anesthesia and 
its combinations when performing this operation. I feel that a great 
deal of good can be rendered patients suffering from tuberculous 
pneumonitis, to whom extrapleural thoracoplasty holds out the only hope 
of improvement or cure, by carefully selecting the narcotic procedure 
and remembering colonic anesthesia. 

The foregoing holds good, it seems to me, for operations for non- 
tuberculous lung inflammation, in fact, for thoracic operations in 
general. Gas positive pressure anesthesia should be added when open 
pneumothorax is encountered. 


ABSTRACT OF DISCUSSION 

Dr. a. L. Lockwood, Toronto : I feel justified in making an effort to defend 
paravertebral anesthesia. I circularized 200 different men in regard to 
thev w'ere doing paravertebral anesthesia by simply catching the none ® ' 

angle of the rib. I have employed it in 3,000 cases over a period of fourteen 
years. I have seen only one case in which there was any reaction, n t la c . 
injected in the cervical block. I have stopped doing this. While ‘ 

group of men present, I injected too much solution. A ptosis m one eje 
Tlie woman was not an e.xtrcmist at all, but she developed partia para j 
the left arm; this cleared up in ten or twelve days. I have entirely ab. n 
cervical paravertebral anesthesia, because I do not believe !* ”'.,.,.,>',1 

cation that one can do much with straight local anesthesia worn it t 
region down. I have been employing paravertebral anesthesia, in gene ... 
well as thoracic anesthesia, particularly in renal stirgerj. I ro in i > tie 
Inighear in surgery is the matter of anesthesia. If surgeon.', can Dtop a ^ 
that will take the sting out of anesthesia, they should do it. I agree with Ur. . . 
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after the operation, she again had pain and noticed .tiiat the tumor had 
recurred. The recurring tumor was removed seven months after the first 
operation and six roentgen-ray treatments were given.- The tumor never dis- 
appeared entirely after the second operation, and for tlie month before the 
patient came to the clinic it had rapidly increased in size. The pain interfered 
with sleep. .She had lost 16 pounds (7.3 Kg.) during the last three years and 
8 pounds (3.6 Kg.) in the five months preceding our examination. There were 
no respiratory symptoms. 

Results of physical examination were negative except for .evidence of loss 
of weight and a hard, firm, immovable tumor about 10 by 10 cm., just to the 
right of the spine on the right side of the lower part of the thorax. There was 
an old operative scar over half of it. Results of laboratory examinations were 
practically negative, as were those of roentgen-ray examination of the thorax 
and of the spine. The clinical diagnosis was malignant tumor of the posterior 
region of the chest wall on the right, probably sarcoma. 

July 8, I removed the eleventh and twelfth ribs on the right posteriorly. A 
portion of the pleura was removed with the tumor, which extended deep into 
the lower pleural cavity. The operation was followed by treatment with radium 
and roentgen ray. The pathologic diagnosis was fibromyxosarcoma. 

Convalescence was uneventful, and the patient was dismissed from the hos- 
pital, July 26. She returned for a second course of radium and roentgen-ray 
treatment, September 1. As only three months have elapsed since the operation 
and the tumor was of the malignant recurrent type, it is too early to draw 
any conclusions as to the ultimate result. 

Case 12. — ^A woman, aged 44, was admitted to the clinic, July 27, 1925. Six 
months before admission she had felt a pain in the anterior portion of the 
chest on the right and had noticed a lump in the chest wall. The tumor had 
gradully increased in size, especially during tin: last few weeks, a»id there was 
some pain in the tumor on palpation and .some- pain in the right arm. Other- 
wise there had been no pain since the onset. There was no history of injury, 
no loss of weight and no respiratory symptoms. 

The patient’s general condition was good. There was an enlargement of the 
wall of the chest on the right anteriorly, extending from the sternum to the 
nipple line, and from the second to the fourth rib. The mass appeared to be hard 
and fixed to the chest wall. 7'he clinical diagnosis was tumor <>f tlic wall of 
the chest on the right, probably sarcoma because of its rapid growth. 

At operation, August 4, I found the .second and third ribs markedly thinned 
out anteriorly; a portion of the third rib and cartilage was resected for 
diagnosis. The pathologic report staled that the rib was marl;ed!y thinned 
in the anteroposterior dimension as though there had been pressure; the 
maximal thickness was 2 mm., with practically no bone marrow; there was 
probably an old healed fracture of the third rib. 

Case 13. — A woman, aged 57, was admitted to the Mayo Clinic, June 29, 1925, 
stating that she had bad pneumonia four months before admission and had 
accidentally noticed a lump in the right breast at that time as the chest was 
sore, linlargcmenl of the lump had been noticed about six weeks before 
admission and continually since then. There was no pain and no history of 
injury. She had lost 22 pounds (If) Kg.) at the time she had pneumonia, and 
there had been no gain or loss since then. There was .some undue dyspnea 
on exertion. 

Examination disclosed a tumor at the level of the fourth rib, under the 
lower medial quadrant of the right breast. It was bard and fixed to the chc.st 



PRELIMINAkt ARTIFICIAL PNEUMOTHORAX IN 
OPERATIONS ON THE OPEN CHEST 

« I 

WITH CLINICAL OBSERVATIONS ON THE SENSIBILITY AND 
REFLEXES OF VARIOUS PARTS OF THE LUNG, AND 
- VARIOUS METHODS OF ANESTHESIA* 

. LEO ELOESSER, M.D. 

SAN FRANCISCO 


If the silence of the last ten or fifteen years is an index, it may be 
assumed that the question of anesthesia in operations on the chest has been 
solved satisfactorily. This is true for most of the operations surgeons 
are. called on to perform. Procaine hydrochloride, aided occasionally if 
net regularly by a light nitrous oxide narcosis or a few whiffs of ethyl 
chloride, gives a satisfactory anesthesia for extrapleural operations 
thoracoplasty, avulsion of the phrenic nerve, extrapleural operations 
on the esophagus and also for more or less extensive thoracotomies 
when the lung is fixed by a thick and rigid pleura. Local anesthesia 
with or without nitrous oxide is also satisfactory in that type of opera- 
tion which we have been led by Evarts Graham to use in suppuratl^c 
disease of the lung: chronic abscess, chronic suppurative pneumonia and 
bronchiectasis — ^a type in which the lung is entered after it has een 


caused to adhere to the pleura. 

Anesthesia for operations that necessitate wide openings into cies s 
containing a mobile lung and mediastinum, however, is still far rom 
satisfactory; and it is toward this kind of attack that surgery o tic img 
must trend if it is to move with that freedom which open exploration has 
enabled surgeons to acquire in dealing with the abdominal viscera. 
Present methods of handling the lung, the intentional provocation o 
adhesions and obliterative processes, are those which were used in 
infancy of abdominal surgery. They are not the ideal to be striven . 
thev hamper exploration and vision. And while I realize . 

cautious and gradual plan of attack has saved many lives and im 
operations on purulent lungs safer than they were w len 
bolder in entering the chest. I feel that the time will ^ ‘ 

better insight into the present difficulties will allow greater rce • 
and that the future will lie in open thoracotomies that allow one to 
and see. rather than that in semiclosed operations that confine 
maneuvers to small, sealed and uncxplorable areas. ^ ^ 

The dangers and difficulties of wide thoracotomy lie chiefly in sud 
collapse of the lung and in that mysterious phenomenon known for wa 

* From the Division of Stirpcry. St.nnford University School of yfcdicirie. 
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for the last two years. The pain had been more pronounced during the few 
weeks before admission to the clinic. There was no loss of-.weight, no history 
of injury to the chest wall, and there Avere no respiratory S3'mptoms. 

The results of physical examination were essentially negative except for 
increased prominence of the fourth rib beneath the right breast. . The results 
of the laboratory examinations were practically negative. Roentgen-ray 
examination of the thorax was negative. The clinical diagnosis was' tumor of 
the fourth rib on the right, probabl}’ benign. ;■ 

September 22, I explored, and on exposing the fourth rib found marked 
thickening and bulging of the cartilage. A portion of the cartilage of the fourth 
rib was removed for diagnosis. The pathologic report was multiple areas of 
necrosis of cartilage. Convalescence was uneventful. , 

In reply to a questionnaire, sent Sept. 4, 1926, the patient stated that her 
general condition was good. She was carrying on her usual activities and.^'^ 
no complaints. 

ABSTRACT OF DISCUSSION 

Dr. Howard Lilienthal, New York: I should like to call attention 
point in the after-treatment in cases of this kind and also in the treatmc • 
absolutely inoperable cases, that is, the sarcomas involving the chest wa ■ ‘‘I 
have used the erysipelas and prodigiosus toxins of Colej' man 5 ' times and T 
have had good success. I think the^' alone promise an actual cure. Radiation 
and radium cannot cure. They act locallj'. A child, aged 2 j-ears, had a 
sarcoma which involved the mediastinum. It was apparentlj' an inoperable 
case. The child had been completely paraplegic for several weeks before I 
saw her, late in the disease. Two ribs had been eroded. I performed a 
posterior mediastinotomy and removed a specimen about half the size of an 
egg, which was only a small part of the tumor itself. It proved to be a 
lymphosarcoma. With no other treatment than Coley’s serum, the child was 
walking in six weeks. She is now over 4 years old. She still has an opacity; 
evidently some of the tumor is still present in the mediastinum. The ribs 
have recovered their contour, and the mother refuses to permit further treat- 
ment. I think, however, that the child should be treated further. This is only 
one case, but I have had others. The reason I am mentioning this case is 
on account of the striking symptom of complete paraplegia. The child was 
unable to walk and the legs dangled. Now she runs about and seems to be 
perfectly well. In the cases accompanied by Horner’s syndrome, it is rather 
important in securing the historj- to get the chronology of the sj’mptom of 
Horner’s sj'iidrome — ^\vhether it comes earh' or late — because it will give one 
an idea of the place of origin of the tumor. These tumors are likelj' to spring 
from the upper thoracic sj’mpathetic ganglions. 

Dr. Willy Meyer, New York: Dr. Harrington mentioned metastatic 
malignant tumors of the chest subsequent to radical excision of the breast for 
cancer. I have just attended the cancer S 3 ’mposium at Lake Mohonk, and I 
was impressed when I heard there of a second case — a successful case had been 
reported by Sauerbruch — in which the total excision of the chest wall was 
performed b 3 ' Dr. Semken of New York for a late local recurrence. The 
patient was still alive two and one-half 3 ’ears after the second operation and 
remains under observation. Results like these should encourage us to take radical 
measures in cases of this t 3 ’pe. 

I should like to mention a case of mine which, after wide resection and micro- 
scopic examination, proved to be a metastatic cancer of the chest wall of the lu'per- 
nephroma t 3 ’pe. Several months later the patient developed metastases of the 
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patient caii be allowed sufficient time to accustom himself to the 
change in his respiratory volume, he will not breathe otherwise when 
his‘ cliest is open than when it is closed. This gradual reduction of the 
respiratory volume can be accomplished easily. by inducing an artificial 
pneumothorax, in- several sittings a week or so before operation. It 
is astonishing when this has been done to see a- patient lie breathing 
quietly with an opening in the chest wall into which one can easilv 
introduce a .fist. 

The method has the further advantage of emptying a suppurating 
lung of secretions, and keeping it empty. When it is used, one ho 
longer sees pus stream in cupfuls from the patient’s mouth and nose, as 
Jt..does when a suppurating lung is suddenly collapsed. The collapsed 
lu ig, except for the suppurating area or the bronchiectatic pouches it 
may contain, is dry and empty. 

Preparatory gradual pneumothorax is useful in all free thoracot- 
omies ; in tuberculosis it is imperative, for it is. extremely harmful sud- 
denly .to. collapse and distend a tuberculous lung with a positive pressure 
machine. The method of preparatory pneumothorax seems to have 
possibilities, perhaps even to open a few new vistas in pulmonary resec- 
tion for tumors, for inflammatory processes, occasionally even for tuber- 
culosis. Its use is not confined to pulmonary disease; in intrathoracic 
esophageal tumors it gives an excellent oversight, and it immediately 
disposes of the powerful suction above the diaphragm which forms the 
main difficulty in the treatment of diaphragmatic hernia. 

Not having Branower’s apparatus, and being forced at times to work 
with anesthetists of varying skill, I have, used preparatory pneumothorax 
only in conjunction with local and rectal anesthesia. If, however, one 
has an anesthetist whose delicacy is equal to maintaining the balance 
that Branower calls for, i. e., a pressure that will keep the good lung 
working and the bad one collapsed, there should be no reason for not 
combining the method with Branower’s inflation anesthesia. 

I have used the preliminary’ pneumothorax and local anesthesia 
either alone after an injection of morphine and atropine, or in conjunc- 
tion with rectal anesthesia. For rectal anesthesia, morphine-atropine is 
given one hour before operation, followed in fifteen minutes Iw 2 or 3 
ounces (59 or 89 cc.) of ether, 2 drachms (7.8 Gm.) of paraldehy’de 
and 2 ounces of olive oil instilled slowly' into the rectum. 1 he rectal 
anesthesia when it works, M'orks well ; however, about one j)aticnt^ in 
three or four is excited instead of being put to sleep by it — an annoying 
complication, making operation difficult. The patient must not cough 
or talk ; if he makes an expiratory* effort against a closed glottis, he Avill 
balloon out his collapsed lung. This has happened twice in a series of 
eleven cases. When it does happen, the incision must be sealed with 
a wet towel and the patient quieted before operation can jirocecd. 
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Dr. Edward Archibau), Montreal: I should like to relate briefly a case of 
my own. A child of 7 years presented a tumor on the right side of the chest. 
It was difficult by any means at our disposal to determine whether it began 
in the lung or in the rib. Operation later showed that it had- invaded the lung,- 
involving the middle lobe to such an extent that there was little normal tissue 
left in that lobe. We ultimately came to the conclusion that it had begun in 
the rib and had extended into the lung as a fibrosarcoma, consisting .chiefly of 
small, round cells. The operation was interesting in the sense that after taking 
out the section of chest wall surrounding this tumor and entering, _the pleura, 
which was adherent, one could lift the middle lobe of the ri^ht lung, which 
formed an integral part of the whole mass, almost completely outside the chest 
wall. It was a simple procedure to clamp off the healthy lung on either side 
and cut it away, sew it up, and drop it back. The patient therefore.. ran a 
continuous fever, due chiefly to sarcomatosis, and died in the course of three 
months, wdth metastasis through the body, particularly in the scalp. 

In another cases of fibromyxosarcoma of the chest six operations were 
performed. Finally, the patient went to Liverpool to consult Blair Belle and 
receive the lead treatment. He was able to take only four injections, as they 
caused severe cramps, both in the abdomen and in the legs; they did not 
benefit him. Recently he returned to this country with a recurrence of his 
fibromyxosarcoma and suggestive signs in the lung, although that could not be 
definitely determined by the roentgen ray. I mention the lead treatment because 
this was a case in which it might have accomplished good, as the tumor was 
malignant only locally while under observation for more than a year, yet lead 
accomplished nothing. 

Dr. J. J. Singer, St. Louis: I want to make this suggestion in the differ- 
entiation between a tumor of the chest wall and a tumor of the thorax: By the 
introduction of a diagnostic pneumothorax one can easily push the lung away 
and tell where it is, assuming, of course, that there are no direct adhesions 
between the lung and the tumor of the chest wall. 
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of the severed puln-oiiai;' Veins, and the cough forces a great volume of 
air or infectious material into them under great pressure. Besides these 
immediately fatal sequels, the paroxysms of coughing aspirate and 
insufflate gangrenous material from one part of the lung to another 
and cause new areas of gangrene; a fatal pneumonia has followed injec- 
tion of surgical solution of chlorinated soda (Dakin’s solution) into an 
unsuspected bronchial fistula, the solution having been coughed violently 
into unafffected parts of the lung. 

It has been noted curiously that the seat of this cough reflex seems 
to lie in the ciliated bronchial epithelium. The bronchial mucosa is 
extremely' sensitive when it has been recently exposed; after a time the 
lung contracts and the open bronchi correspondingly widen, giving the 
exposed lung the appearance of a reticulated bladder (or as Sauerbriich 
terms it, a gridiron lung) ; the epithelium of the exposed bronchi and 
lung changes from ciliate to squamous. After this change the 
epithelium seems to lose its cough reflex; it may be touched with 
cotton or swabbed with various irritating solutions without causing a 
paroxysm. Neither does the reflex lie in the lung itself ; irritating the 
raw section of the lung has no effect, provided care is taken to avoid 
open bronchial lumina. Further proof that the reflex is entirely' one of 
the surface and of the mucosa itself lies in the fact that instillation of 
cocaine abolishes it. 

We are indebted to Sargent and Forestier for this useful help to 
anesthesia. They anesthetize the bronchi with cocaine before injecting 
iodized oil. As the cough reflex is abolished by this method, it was 
a natural step to use it in operations in which open bronchi were 
to be encountered. If an open broncliial fistula exists, from 1 to 2 cc. 
of 4 per cent cocaine solution with 5 drops of epinephrine hydrochloride 
is instilled into it with an eye dropper or a sy'ringe. The patient promptly 
reacts with a cough, spray's the cocaine about through his bronchial tree, 
coughs some of it out and then coughs no more. If the bronchi are not 
open, a hypodermic needle is introduced into the trachea between two of 
its rings, and 1 or 2 cc. of 4 per cent cocaine-epinephrine hydrochlonde 
solution is injected into it. Procaine hy'drochloride would probably’ be 
safe; I have not tried it.^ One must be sure that the needle is in the 
trachea; the plunger should alway'S be pulled back and air drawn from 
the tracheal lumen before cocaine is injected. The bronchial mnco.->a 
reacts almost immediately; the cocaine itself causes a cough, but a 
minute or two later the mucosa is insensitive and excites no further 
paroxysm when it is handled. 

1. But I shall. Two recent respirator)’ disturbances after cocaine "en 
alarming' enough to dissuade me from the use of this drug if procaine can 
U'ccl in its stead. 
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tional psychic ordeal, which should be avoided if possible. The mental 
make-up of the patient should receive special consideration, pai'ticularly 
when it appears advisable to operate in stages, ■ - 

The gist of these reflections is the necessity for the operator to 
master the various procedures that make the surgical work painless and, 
as far as possible, safe. 

LOCAL AND REGIONAL ANESTHESJA 

Today there can be no question that from the standpoint of safety 
local and regional anesthesia in the chest, as well as elsewhere, occupies 
first place. It is evident that if in the presence of a chronic lung 
suppuration, for instance, the patient retains the ability' W 'silnsiil irrita- 
tion and the ability to expectorate, he is better off than without these 
powers. Yet individual characteristics may present a clear contraindi- 
cation to the method stated and force operators to employ the nfext best 
procedure, and trust that it may prove equall)'^ beneficial. 

For the operation of extrapleural thoracoplasty a variety of well 
worked out methods are at the surgeon’s command. He will naturally 
select the one that in his opinion involves the least amount of risk for 
the patient, and train his staff in this method. If he does not wish 
to prepare the patient himself, he can turn this part of the work over to 
the anesthetist before he starts the superficial as well as the deep surgical 
work required during the operation; every anesthetist should be master 
of a reliable, harmless technic. Or, the surgeon himself can proceed 
with the primary analgesic work in the soft parts and then, under the 
guidance of his eyes, expose and inject into or around the individual 
intercostal nerves as the}' present themselves as near the spine as 
possible. 

For a complete primary preparation the so-called Kappis and 
Schumacher methods are at our disposal. I myself used the Kappis 
paravertebral method exclusively in my earlier operations for multiple 
rib resection in bronchiectatic and tuberculous patients. But in view of 
a few experiences several years ago and the additional warnings found 
in the literature,^ I was induced to give up the procedure in 
spite of its advantage in permitting one to reach tlie thoracic nerves 
near their origin and their communication with the ganglions of the 
sympathetic system. In one of my cases, a bronchiectatic, profound 
collajise occurred on the table before the operation was commenced. 
I had no doubt that the point of the needle had entered the subdural 
space here or there. The operation had to be postponed for several days 
and then carried out with a combination of local, regional and suiierficial 


1. Friedrich, H. ; Ccntralbl. f. Chir. 53:144] (June 5) 1926. 
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-'''r “'•« 9mte insensible; 

•neither is the .no .nial.panetal pleura extremely sensitive. Patients have 

not complained of pam when retractors have been introduced into the 
chrat or when the parietal pleura has been touched, so tliat e.xtensivc 
bubpleural infiltration with procaine or extensive blocking of the inter- 
costal nerves has not seemed necessary. Pleuritic adhesions, however, 
are extremely sensitive; the inflamed pleura probably reacts more keenly 
to stimuli than the normal one. Patients complain bitterly when adhe- 
sions aa~e touched or pulled on; even large subpleural injections of pro- 
cahae hydrochloride have not sufficed to make their division painless. 


PROCEDURE IN OPEN THORACOTOMY 

_ days before operation artificial pneumothorax is induced; 

750 cc. of air is usually given at the first sitting, two or three days later 1,000 cc., 
an again after two or three days another 1,000 cc. The amounts and intervals 
\ary, the object is to produce a complete collapse of the affected side without 
compressing it strongly enough to push the mediastinum toward the sound side, 
nsufflation of air will therefore stop when the manometer reads zero. Bronchi- 
ectatic lobes collapse incompletely; after pneumothorax the sound lobes arc com- 
pletely collapsed ; the bronchiectatic one projects into the pneumothorax, being 
kept distended by its fibrosis and rigidity. An hour before operation one-fourtli 
grain of morphine and %go grain of atropine are given. This is sometimes fol- 
lowed in fifteen minutes by a mixture of 2 or 3 ounces (59 or 89 cc.) of ether, 2 
drachms of paraldehyde and 2 ounces of olive oil instilled slowly into the rectum 
through a fine catheter. Rectal ether seems to work best in placid, phlegmatic 
patients; it seems to excite excitable ones; Aveak or frail ones seem to stand it 
badly or are slow to recover from its effects. An additional one-sixth grain 
(0.01 Gm.) of morphine maj' be given j'ust before operation. It is not necessary 
to haA’e the patient empty his lung by coughing; the preliminary pneumothorax 
has emptied it for him. 

A 0.75 per cent solution of procaine hydrochloride containing 2 drops of 
1 . 1,000 epinephrine hydrochloride to the ounce is injected subcutaneously' along 
the line of incision in order to save waiting twenty minutes for a nerve l)lock 
to take effect, but the intercostal nerves innervating the same line are injected 
with the same solution. If the lung is to be severed, 1 or 2 cc. of 4 per cent 
cocaine or procaine hydrochloride solution Avith 5 drops of epinephrine hydro- 
chloride is injected into the trachea AA'ith the patient upright or semiupright. 
Much of this cocaine is expelled by' coughing. In e.\trapuImonary operations the 
air passages are not anesthetized by' cocaine. The chest is iioaa' opened and 
operation proceeds. 


I do not knoAv AA'hether to recommend subpleural injection of procaine 
liydrochloride at the hilum. It AA'as cffectiA'e in a recent operation for 
jsophageal carcinoma ; in a recent lobectomy it AA'as not, but here the 
latient A\'as excited and talkath’e after rectal anesthesia. 

I should like to make it clear that I am not AA'armly aflA'ocatin.ii local 
mesthesia in thoracotomy. I am not sure of its adA'antaijcs ; irulccd, I 
ini sure that a g^eneral narcosis, if it can he safely carried out, is much 
o he preferred, and is easier and less .':hockint,'’ to the patient than 
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ethyl chloride. This is a narcotic the boiling point of which is adapted 
to the temperature of the body; for this reason it is safer than pure 
chloroform and safer also than the old Billroth mixture, 

t * ‘ 

COLONIC ANESTHESIA . ' 

* ar‘ , ■ t, ^ ' 

Colonic anesthesia is best combined with inhalation anesthesia, 
according to the indications. The great advantages r off'’ ’ by this 
method of inducing analgesia are principally due to Gwa- /’s happy 
conception of mixing the ether with olive oil. Whemsf ' oarjkd/ the 
anesthetic is gradually and slowly given off; it is abspi'be •. .’jie^blood 
that circulates in the intestinal mucosa, passes with the blot .-ytiUgh^the 
liver and right side of the heart and is then continually given off to the 
outflowing respiratory volume of air in the alveoli of the lurfgs .and in 
the bronchial mucosa. The patients are semiconscious and able to 
expectorate without experiencing pain. . 

Experiments on animals have shown that the effect produced. by a 
slow and steady discharge of ether within the respiratory system is 
equal to an artificial hyperemia which, according to Bier’s method of 
hyperemia, has a good, not a destructive or dangerous, effect on the 
patient’s lung. This at least has been observed in cases of acute bron- 
chitis and threatened pneumonia subsequent to ether inhalation anes- 
thesia, also in patients suffering from chronic bronchitis due to alcohol or 
tobacco,® Here the ether was administered by intramuscular injection 
into the gluteal region, 8 minims (0.5 cc.) of ether mixed with an equal 
amount of sterile olive oil. By proceeding in this way the whole volume 
of ether also does not enter the blood at once as in the ordinary hypo- 
dermic application, but it is given off, step by step, from the artificially 
made deposit within the muscular substance. 

There is to my mind no reason to expect harm from the use of this 
method in the specific types of chronic pulmonary inflammation, such as 
tuberculous and syphilitic, or in nonspecific suppuration of the lung. 
Clinical observation will soon decide this point. 

In a recent case of mine this form of inducing sleep and analgesia 
proved to be of invaluable merit : 

A much reduced, highly nervous tuberculous patient of Italian extraction 
needed extrapleural thoracoplasty. The right side alone was involved; pleural 
adhesions prevented the continuance of artificial collapse of the lung, which had 
been tried for some time. A two-stage operation appeared advisable, the first- 
stage (lower ribs) to be performed under procaine, regionally and locally applied. 
The patient herself was unaware of the necessity of a second operation. Her 
psychic state forbade my telling her ; the relatives, of course, knew. The prepara- 

2. Riess: Munchen. med. Wchnschr, 72:758 (May) 1925. Seidl: ibid. 
73:95 (Jan.) 1926. 
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had never heard of nybody repeating it. I still believe there is a place for this 
method of producing pneumothorax in cases in which the presence of adhesions 
makes an ordinary injection of air into the chest cavity impossible. 

Dr. Howard Lilienthal, New York: I was interested to hear of the 
application of the pneumothorax method, which I had known of before and read 
of in the literature. It has been recommended, in the discussion of operations 
on lung tumors, as a preliminary step. 

I must take issue with Dr. Eloesser on the question of pleural or pulmonary 
reflex. His patient had been operated on ; there was induration, bleeding and an 
open bronchus. That induces cerebral air embolism. This accident will be 
seen only in cases in which there has been previous operation or previous 
disease leading to infiltration of the parts, so that the branches of the pul- 
monary vein are held open. It lakes surprisingly little air to get into one of 
these open veins and go directly to the brain, producing a series of convulsions 
and death. I think if Dr. Eloesser will read Schlaepfer’s article on this 
subject, he will be convinced that pleural shock does not exist as such. People 
have tried to produce pleural shock by painting the pleura of animals with 
iodine. I do not think they have succeeded. I do know I have painted the pleura 
of half the chest with iodine in order to make adhesions, and I have done it 
three or four times without a sign of shock. In three days the iodine will 
make adhesions. This is done as a preliminary to lobectomy. I tliink it is 
important -that this society should not tacitly give its consent to the idea that 
there is such a thing per se as pleural or pulmonary shock. 

Dr. Carl Hedblom, Chicago: I should like to discuss some phases of the 
general problem of pneumothorax, but this is not the time to introduce that 
subject. I do want to say that I believe there is something that is not as yet 
understood concerning so-called pleural or pulmonary^ reflex or pleural 
eclampsia, or whatever it may be called. I believe that there arc different types 
and that there are different causes for the same clinical manifestations, more 
or less. For instance, within the last month I had a patient on whom^ I was 
going to perform a second stage extrapleural thoracoplasty for bronchiectasis. 
I had just opened the incision that I had made at the first operation when the 
patient went into convulsions. The pupils dilated ; she became intensely 
cyanosed, and apparently' reached the last stage of dissolution, then gradually 
revived. I cannot see ho\v these sy'mptoms could possibly have been due to 
air embolism. The pleura Avas not touched. Possibly the nitrous oxide anes- 
thesia was the etiologic factor. I have had other cases which in my opinion 
cannot be explained as due to air embolism. There is more to the problem 
of so-called pleural reflex, I believe, than air embolism. I was very mnci 
interested in Dr. Eloesser’s presentation of the matter of pneumothorax preliminary 
to thoracoplasty. As Dr. Lilienthal has just said, the method was described 
years ago. Under certain conditions it seems worth further trial, but I ‘ 
want to be conservative in the matter of thoracotomy for pneumolysis m 
pulmonary' tuberculosis. I have had patients who have developed tiibercii on 
empyema with complete collapse of the lung following such operations per 
formed elsewhere, and some of those have been among tlie most diflicii t 
have had to treat. 

Dk. Wiu.v .Mcver. New York: The paper of Dr. Eloe.«ser is iritcre^tine. 
even it he has not been the first to do what he did. It show.® how a siirr.i'’n 
can sometimes help himself under difliciilt conditions. I should lihe to nu nti'm 
the original statement of .‘'anerbnich. that it would be wrong for the ^urgt.on t 
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that only 1 per cent of procaine should be used as an anesthetic, and after 
treatment 5 per cent. 

Db, Wiu-y Meyer, New York: After having thought of my personal p.xperi- 
ence and studied the literature, and seen an unfortunate older patient this summer, 
I am through with the paravertebral method of anesthesia. Th’S patient had had 
a persistent intercostal neuritis subsequent to a herpes zoster. She wa* admitted 
to a hospital and placed in the care of an expert in paravertebral- anesthe.sia for 
angina pc-ctoris. She walke^l to the operating table. The specialist marlf the 
injection with alcohol. The woman was asked to get up. She could not, .She had 
to be lifted onto a stretcher and brought to her bed because of a total paralysis of 
the lower portion of the body, bladder and rectum, which continued ajid soon 
took her life. One such case is enough for me. 



PROCEEDINGS 


\^EDNESDAy, September 29— Evening 

The council’ met at the’ Mount Royal Club at 9 : 30 p. m. 

* Thursday, September 30 — Morning 

The meeting was called to order at 9 a. m. by the president, Dr. Edward W. 
.-.’chibald, at the Ritz Carlton Hotel. 

Dr. Stuart W. Harrington, Rochester, Minn., read a paper on “The Surgical 
Treatment of Intrathoracic Tumors and Tumors of the Wall of the Chest.” 
Discussion was opened by Dr. Howard Lilienthal, New York, who was followed 
by Drs. Willj' Meyer, New York; Leon T. LeWald, New York; Carl A. Hed* 
blom. Chicago; Jacob J. Singer, St. Louis; Edward W. Archibald, Montreal, 
ai.*l Stuart W. Harrington, Rochester, Minn. 

Drs. Adrian V. S. Lambert, New York, and Frank B. Berry, New York, by 
invitation, presented a paper on “The Afediastinum : Anatomic and Clinical 
Study.” Discussion was opened by Dr. Hugh Auchincloss, New York, who was 
followed by Drs. Howard Lilienthal, New York; Nathan W. Green, New York; 
William Lerche, St. Paul, and Adrian “V". S. Lambert, New York. 

Dr. David T. Smith, Ray Brook, N. Y., by invitation, read a paper on 
“Experimental Aspiratory Abscess.” Discussion was opened by Dr. Willy 
Afe 3 'er, New York, who was folloived by Drs. Adrian V. S. Lambert, New 
York; Howard Lilienthal, New York; Nathan W. Green, New York; Fred- 
erick T. Lord, Boston; Leo Eloesser, San Francisco, and David T. Smith, Ray 
Brook, N. Y. 

Dr. Frederick T. Lord, Boston, read a paper on “The Diagnosis and Treat- 
ment of Eventration of the Diaphragm, with a Report of Four Cases.” 

Dr. Edward N. Packard, Saranac Lake, N. Y., by invitation, read a paper on 
“Hernias of the Afediastinum During the Course of Artificial Pneumothorax. 

These two papers were discussed bj' Drs. Jacob J. Singer, St. Louis; C.irl A. 
Hedblom, Chicago; John L. Yates, Afilwaukee; William Lerche, St. Paul; Leo 
Eloesser, San Francisco: Willy Alej’er, New York; Howard Lilienthal, New 
York; Leon T. LeWald, New York; Edward S. Welles, Saranac Lake, N. A., 
and Frederick T. Lord, Boston. 


Thursday, September 30 — ^Afternoon 


The meeting was continued at the Ritz Carlton Hotel. 

The following papers were read as a symposium on “Lung Mappin.tr hV 
Insufflation and Bronchoscopic Injection Alcthods, and the Roentgen-Ray Inter- 


pretation thereof.” 

Dr. Jacob J. Singer, St. Louis : “Bronchography ( Injection of Iodized Oil, -fO 
per cent).” 


Dr. Gabriel Tucker, Philadelphia: "The Technic of Bronchoscopic Introduc- 
tion of Bismuth Subcarlxinate and Iodized Oil, -10 per cent, for Pneiimonograp >}• 
Dr, David H. Ballon, Montreal, by invitation: “Pneninonography with Indued 
Oil. -10 per cent, by the Bronchoscopic MetluKl.” 

Dr. David A. Stewart. Ninette, Alanitoba: “Etiolo.ey and Differential Diatp^o- 
sis in Septic Conditions of the Qiest." 
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of a better term as a “pleural reflex/* To these there :s added, whenever 
the larger bronchi are approached, a cough reflex. If operators can leam 
to cope with these three factors, the sudden collapse, the pleu’^.l (I think 
rather, pulmonarj') reflex and the cough, it will be possible to work v.'ith 
freedom in the open chest. 

Sudden collapse is not the correct term for the chief difiicult}*. All 
sudden variations in lung volume, both sudden collapse and sudden 
inflation, are equally objectionable. Both make a sudden variation in 
the volume of blood that is thrown into and sucked out of the heart. 
Both are equally terrifying in their effects on the circulation. 

Positive and the older native pressure methods partly avoid a 
sudden collapse, of course — ^partly but not entirely, for the lung is pur- 
posely inflated and allowed to collapse during all the pressure methods 
of anesthesia. Nearest perfect is Branower's method, which so cleverly 
balances the pressure that the lung in the unopened side of the che«t 
is kept working and the mediastinum kept in place while the lung ir 
the open side of the chest is allowed to collapse. Even here it seems 
necessaiy' occasionally to inflate the lung. Branower says. “The 
anesthetist should carefully observe the condition of the operative lung 
from time to time, and should frequently request the surgeon for an 
opportunit}' to inflate it. This has a wonderfully stimulating effect upon 
the patient.” Even this delicate method seems to tax the powers of a 
patient severely. Branower states that “an operation of more than forty 
to forty-five minutes’ duration is not likely to be followed by recover}'.’’ 

The pressure method, therefore, has its inherent disadvantages. It 
is interesting to see how quickly it tires a normal person to br^the 
against a pressure mask, although this effort is only a small part of the 
strain of a pressure anesthesia. Even were it possible to keep the lung 
evenly distended, the surgeon would have no room to work. He needs 
a certain amount of collapse. If the lung is kept distended, the patient 
does not get rid of his tidal air : on the other hand, he cannot stand its 
being kept collapsed. The nece-=sary alternative is an occasional variation 
from collapse to distention. This shift is a strain on the surgeon, for 
each time it occurs his field shifts many inches, and he is forced again 
and again to readjust his manipulations. Much more is it a strain on 
the patient’s heart, so terrifying a one that I thank God ever}- time I am 
able safely to complete an operation when I have entered the chest 
under positive pressure. It is impossible to work with equanimity under 
these distressing difficulties. 

Is it possible, then, to avoid the respiratory and circulator}- dis- 
turbances that accompany these sudden changes in the volume of the 
lung? It is. The disturbing element in the changes is their suddenness. 
If they can be made gradual, if the lung can be collapsed, and liefore 
the chest is opened the negative pressure aboli.-hed in it. if the 
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Dr. John L. Yates, Milwaukee, read a paper on “Rationale of Operations 
Helpful in- Promoting Recoveries from Pulmonary Tuberculosis." Discussion 
was opened by Dr. Edward W. Archibald, Montreal, who was followed by Drs, 
Adrian V. S. Lambert, New York; Howard Lilienthal, New York, and A. T. 
Loclavood, Toronto. 

Dr. Edward S. Welles, Saranac Lake, N. Y., read a paper on “An Accessory 
Thoracopk itic Oocration to Aid in the G}llapse of Large Tuberculous Cavities." 

Dr. 'Willy Meyer, New York, read a paper on “Anesthesia in Tuberculous 
Patients Requiring Extrapleural Thoracoplasty.” Discussion was opened by 
Dr. A. T. Lockwood, Toronto, who was followed by Dr. Willy Meyer, New 
York. 

Dr. William Lerche, St. Paul, read a paper on “Infected Mediastinal Lymph 
Nodes as a Source of Mediastinitis.” Discussion was opened by Dr. Edward W. 
Archibald, Montreal, who was followed by Dr. William Lerche, St. Paul. 

Dr. Leon T. LeWald, New York, read a paper on “Congenital Absence of 
the Left Half of the Diaphragm.” 

Saturbay, October 3 — Morning 

The meeting was continued at the Royal Victoria Hospital. 

Operative clinics and dry clinics were held by Dr. Edward W. Archibald and 
other Montreal members of the association. 
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Finally, the mild inflammatory tliickening that results from the pres- 
ence of air in the pleura is not the least of the advantages of preliminary 
pneumothorax. The stability of adhesions, once they form in an artificial 
pneumothorax, is notorious. Adhesions form quickly and firmly after- 
operation, i. e.. at a time when they are desirable. Absorption from the , 
thickened pleura seems to be less sudden and less dangerous -than from a 
normal one, so that the mild pleurisy is a protection in lobectomies and 
other operations in which the pleura is likely to be contaminated with pus. 

I shall not reopen the question of open lobectomy versus the cautery 
operation here. I am ashamed of the mortality after my- lobectomies. 
However, the preliminary pneumothorax seems to give hope* for ‘ 
lobectomy in bronchiectasis, an operation which (if it could be carried’ 
through with equal safet}’) would be preferable both in quickness and” 
completeness of recovery to relocated cauterization. 

Pleuritic adhesions may make it impossible to induce an artificial 
pneumothorax. When pleurisy occurs it usually accompanies suppufa- ■ 
tive affections of the lung, which call for drainage and not for extensive 
resections of a part or all of a lobe: in this type of operation free 
thoracotomy is uncalled for ; pleurisy is welcome and necessary before . 
the chest is entered. 

In bronchiectasis, in tumors and in diseases of the esophagus and 
mediastinum that call for a wide open thoracotomy, adhesions rarely 
interfere with induction of a pneumothorax. 

Preparatory pneumothorax lias been used in eleven cases : five intra- 
pleural pneumolyses for pulmonar)' tuberculosis, with adhesions prevent- 
ing complete collapse, two bronchiectases, three esophageal carcinomas 
and one exploratory thoracotomy for bronchial stenosis. 

A further adjunct to anesthesia in which bronchial lumina arc 
exposed or are to be exposed is abolition of the futile and dangerous 
paroxysm of coughing that occurs whenever the bronchial epithelium is 
touched. Patients with wide open bronchial fistulas have served as inter- 
esting subjects in the study of this reflex. For days after the bronchi 
arc opened, even the gentlest touch of their epithelium with cotton will 
send the patients into a violent and entirely uncontrollable spasm of 
coughing. The cough alternates between several violent true coughs 
(forcible expulsion of air against the closed glottis) and a deep whoop 
or gasp as an interlude. The paroxysmal cough is annoying, and makes 
operation impossible while it continues ; it is futile, and occurs not as a 
purposeful reflex because the patient has something to cough out. but 
because the bronchial mucosa is touched, and whether he has something 
to cough out or not. If the cough is annoying and futile, the sequence 
of cough and whoop is much more : it is dangerous. It is the cause of 
some of the fatal accidents that beset operation on the lung and against 
which the surgeon is powerless. The whoop probably o|)ens the mouths 
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office and neither may be reelected to succeed himself in the same office. The 
Secretary and the Treasurer shall be elected for a one year term of office and 
either or’bofh mat- be reelected indefinitely. The outgoing president shall auto- 
matically become a councilor for a one year term of office. The other four 
couhcilors shall be elected, one each year, for a four year term of office, but 
no councilor may be reelected to succeed himself. 

Sac. 3.- ' "incies occurring among the officers and councilors during tlie 

yes 5 shal! ‘ ‘ - -’uorarily filled by action of the Council, subject to approval 

or jh.; Asivcii . it the next regularly convened meeting. 

. t, r 

I ' Article VI. — Committees 

Sac. 1 . — At the opening session of the annual meeting there sliall be elected 
if'.er nomination from the floor of the Association a Nominating Committee of 
•hree. This Committee shall prepare a slate of nominees for officers and coun- 
s.ilors and shall present their report at the executive session of the Association. 

Sec. 2. — ^The Council is empowered to appoint a 'Membership Committee, an 
.Vuditing Committee, a Committee on Program and Transactions, a Necrolog}' 
Committee and such other committees as may in its opinion be necessarv. All 
such committees shall render their report at the executive session of the Associ- 
ation. 

Article VII. — ^Finances 

Sec 1. — The fiscal year of the Association shall coincide with the calendar 
year. The books of the Association shall be kept and audited on this basis. 

Sec. II. — Members shall contribute to the financial maintenance of the Asso- 
ciation through the medium of initiation fees, annual dues and special assessments. 
The amount of the annual dues and the initiation fees shall be determined by 
the By-Laws. 

Special assessments may be charged against individual members, as determined 
by the By-Laws, when material submitted for publication in the annual trans- 
actions of the Association exceeds such limits as may be set in the By-Laws. If, 
at the end of any fiscal year there be a deficit in the current funds of the 
Association, the Council may send out notices to that effect and invite Active 
Members to contribute the necessary' amount so that no deficit be carried over 
from one fiscal year to another. The Association may', in any regularly' convened 
meeting, vote a special assessment for any' purpose whatever, and such special 
assessment shall become an obligatory' charge against the classes of members 
affected thereby'. 

Sec. III.— To meet the current expenses of the Association, there .«hall be 
available all revenue derived from annual dues, special assessments, and income 
from Endowment Fund, subject to the provisions of Section IV folio" ioK- 
Funds derived from the payment of initiation fees shall not be available or 
current expenses. 

Sec. I\’. — ^.411 funds derived from the payment of initiation fees shall lie 
placed in a special fund, to be invested and reinvested in legal securities, and t'’ 
be held intact as an Endowment Fund. The Council is responsible for the proper 
management of the Endowment Fund. The income from this fund may 
utilized for such purposes as may be determined in the By-Laws. If at the cn' 
of any fisc.al year there be a surplus in the current funds of the .•\<s<'>ciati(>n. t 'e 
Council may divert such surplus into the Endowment Fund, but in no ca^c may t w 
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The pcrsislent patoxysmal cough of nictliasiii’ai plcttrisj' and condi- 
tions at the root of the lung might Gnusc suspicion that the cough reflex 
may originate elsewhere than in the bronchial Jimcora. This is true; 
manipulation of certain places at the hilum or in the mediastinum will 
cause paroxysjns even after the bronchial mucosa is anesthelixed. 

H. J. had an exploratory thoracotomy done tinder local anesthesia and pre- 
liminary pncnmolliorax for an intermittent bronciiial stenosis of unknown, 
prolwbly cxtrabronchial, origin. At operation many dense adhesions were dis- 
covered between the medial .surface of the left npitcr lobe and the mediastinum. 
Severing or making traction on these caused a cough so violent that it was 
almost impossible to hold the distended lung aside, neither anesthetizing the 
bronchus with cocaine nor a light chloroform inhalation anesthesia sufliccd to 
slop the cough. 

The so-called plcuntl reflex remains for comment. This had belter 
be called the imlmonary reflex. In none of the deaths re]>orted after 
pleural puncture cati one be sure that the lung was not entered. I'hc 
greater ves.sel.s of the lung arc extremely sensitive; clamping them or 
transfixing them with a ligature not infrequently causes profound shock. 
This has been noted in ca.sc.s in which air emboli.sm and other causes of 
sudden death can he c.xclndcd. 

Mrs. 1'., aged 42. was <»iK:ratc<l on with a galvanocautcry for bron- 
chiectasis. The pleura had been caused to adhere. Two weeks later, the 
wound was opened under gas and local anesthesia. The packing was removed. 
The lung was adherent to the pleura, attempt was made to find a bronchus 
with a needle in order to inject cocaine; however, as no air appeared in the 
syringe, cocaine was not injected. Then with a cautery a pyramidal piece of 
lung was excised which included a section of bronchus about the caliber of a 
slate pencil and I..** cm. long. Cocaine was injected into this bronchus centrally; 
a grooved director was inserted into it distally, and the distal tract slit witli a 
galvanocautcr}', opening a bottle-shaped bronchiectasis half the size of a walnut. 
The central end was followed to within 1.5 to 2 cm. of the hilum. A spurting 
branch of the pulmonarj’ artery was grasped with a Kocher hemostat. At this 
juncture the patient, who had hitherto breathed and bad given the anesthetist 
no anxiety, suddenly slopped breathing. She was turned around. She was pale, 
and no heart sounds were to be heard. It was apparent that death was due to 
heart failure and not to failure of respiration. One cubic centimeter of pituitary 
extract was injected into the chamber of the heart, but the pulse never again 
appeared. 

At necropsy the right side of the heart was found dilated to two or three 
times the size of the left. 

Whether injection of procaine hydrochloride under the pleura of the hilum 
of the lung can diminish the intensity of this reflex or abolish it remains to 
be seen. For the present, I think it safer to anesthetize the patient with nitrous 
oxide before clamping or tying the vessels at the root of the lung. The 
anesthetic, it is true, will distend the collapsed lung; however, after the root of 
the lung has been secured by clamps or ties and the operation is almost ended, 
distention of the lung is no longer objectionable. 
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these tours do force with local anesthetics. 1 ain, owever, c(jtta)ly 
sure that preliminary artilicial pneumothorax with collapse of the 
afTected lunji is of .tjrcat value, and that pressure anesthesia with its 
unavoidably sudden and violcJit inflation and collapse of the lung is 
hannful. So rather than disjicnse with the ease and acctiracy and ability 
to see that go with operation on a patient who is breathing quietly and 
without strain, with a lung that lies collapsed ajul out of the way at tl;c 
bottom of the chest. 1 have resorted to the methods of overcoming pain 
without disturbing the respiratory equilibrium of the open jmeuniothorax 
that 1 had at my disjiosal. muncly. local anesthesia and rectal ether 
anesthesia. I f , however. Branower's machine will let the collapsed lung 
stay collapsed and keep the unafTected one breathing quietly while the 
patient is under general anesthesia, then this method in combination with 
preliminary jincumothorax and blocking of certain of the intercostal 
nerves should be ideal. 

Quiet respiration is a sine qua non for the maintenance of collapse, 
so that combination with any of the ordinary inhalation methods of 
ane.sthcsia is not feasible. 


.SUMMARY 

Preliminary artificial pneumothorax is a valuable aid in open thora- 
cotomy for operations on the thoracic viscera. 

It causes less shock and less circulatory disturbance than any of the 
pressure methods of anesthesia. 

It may be used in conjunction with local anesthesia, and aided further 
by rectal ether anesthesia; possibly, by certain forms of inhalation 
anesthesia. 

Irritation of the bronchial mucosa causes a paroxysmal cough reflex. 

This reflex disappears after the open bronchial mucosa changes from 
ciliary to squamous epithelium. 

Abolition of the ])aroxysmal cough reflex by anesthetizing the 
bronchial tree with cocaine is valuable in opening into the bronchial 
lumen. 

490 Port Street. 


ABSTRACT OF DISCUSSION 

Dr. Fraxz Torek, New York : I was interested in hearing that Dr. Eloesser 
has used the intrapleural pneumolj’ses in five cases. I wrote an article on this 
topic about twelve or thirteen years ago. That was previous to the time that 
thoracoplasty had reached its present perfection of technic. I have never had 
occasion to repeat the operation, because tuberculous patients are not admitted 
to the hospital with which I am connected. This particular patient was 
there by accident; she was so sick she could not be Sent away. But I would 
have repeated the method. I am glad to hear that somebody else has done it and 
has persisted in doing it; Dr. Eloesser repeated it five times. I had believed 
that the consensus of opinion was that my operation was worthless, because I 
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use local anesthesia within the healthy pleura. He made his statement after 
he had performed a great many operations. He says that it is absolutely 
necessary to use general anesthesia. It is known that the nerves play an 
important role in thoracic operations in which the pleura is wide open. With 
so many thoracic operations being performed at the present time, it will be of 
interest to follow this question further as to the use of regional and local 
anesthesia. 

Dll. Leo Eloksser, San Francisco: Dr. Torek has driven me into a corner. 
1 hesitated to bring my misdemeanors before this august assemblage. I 
approached the intrapleural pneumolyses with anxiety; I performed four in 
1922, then stopped until this year, when I performed one. But God was good 
to me. Three of the patients arc cured and one much improved. Of course it 
is too early to report on the operation performed this year. I am sorry not to 
have been more explicit in my designation of the pulmonary reflex. It is not a 
pleural reflex; it is a pulmonary reflex. I am grateful to Dr. Lilicnthal for 
calling my attention to deficiencies in reading; I looked about for descriptions 
of pneumothorax as a method preparatory to anesthesia but was unable to 
find any. I shall look up Ballinger’s method. I have not seen it used at 
any of the clinics I have visited. Of course, I do know Schlacpfer’s work and 
was extremely interested in it. In fact, I had an ophthalmologist, Dr. Barkan, 
look at the cyegrounds of various rabbits on which these procedures were 
attempted. He could see bubbles of air in the retinal vessels, just as Becker and 
Stargardt did, when there was a pulmonarj' air embolism. However, the patient 
I spoke of did not die of air embolism. Slic died after clamping a pul- 
monary artery. I was particular to make as careful a necropsy as I could. 
There was no air embolism, but the right side of the heart was much dilated. 
Dr. Meyer’s ease is of great interest. .'\ir embolism was not present in his case, 
because no vessels were opened. In mine there was no embolism. I hope at 
some future time to be able to tell you more about this. I think nerves may 
be found following the large pulmonary arteries leading to the right side of 
the heart which if crushed or clamped suddenly will produce a fatal reflex. 
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trachea; and also in spite of the fact that others, notably Jackson, = inter- 
esteddn bronchoscouic work report tliat typical lung abscess is rare w-ith 
the lodgment of forei^ bodies even deep in the air passages. 

In an attempt to search for the mechanism that would explain post- 
operative lung abscess, we repeated the experimental introduction 
of infected, materials by way of the trachea. We were unsuccessful as 
had been our predecessors. This led to the necessity for a different 
explanation, and, being conversant with the more recent theory that 
embolism Trom the wound may well be the cause of other postoperative 
pulmonary complications,^ it seemed possible that such a mechanism 
might well occur in relation to this single group. From the first our 
experiments were satisfactory, and we have developed a uniformly suc- 
cessful method ^ for the production of lung abscess by freeing septic 
emboli into the vascular bed. 

In the etiologic discussions of the older writers, the relationship that 
operative measures hold toward the production of lung abscess was not 
considered. Mention is made of septic emboli causing ^pulmonary 
abscess, but these were frequently multiple, constituting a part of the 
picture of a pyemia which may or may not have been preceded by an 
operation. That operative procedures play a significant part in the 
etiologic role of lung abscess is now recognized. A summary of the 
articles dealing with this complication reveals two important facts: 
(1) the increasing frequency of tlie condition postoperatively, and (2) 
the apparent marked increase following tonsillectomy. The increase in 
frequency is due in part to the increased recognition for which the 
roentgen ray is in a large measure responsible. The greater percentap 
after tonsil operations can also be attributed to a more careful anamnesis. 

FREQUENCY OF OCCURRENCE 

Ever since 1912 when Richardson® reported the first case of lung abscess fol- 
lowing tonsillcctom}', the percentage incidence of postoperative lung abscess in the 
recorded cases has reached a progressively higher figure. The following year one 
lung abscess was found by Bassim® among nineteen pulmonary complications 

2. Jackson, C. : Suppurative Diseases of the Lung Due to Inspirated 

Body Contrasted with Those of Other Etiology, Surg. Gync. Obst. 42 ;j 03 
(^^arch) 1926. . . 

3. Cutler, E. C, and Hunt, A. M.: Postoperative Pulmonary Complications, 

Arch. Surg. 1:114 (July) 1920; Postoperative Pulmonary Complications, Arp. 
Int. Med. 29:449 (April) 1922. Cutler, E. C: The Etiology of Postoperative 
Pulmonary Complications, S. Clin. N. Amer. 2:933 (.Aug.) 1922. ^ 

4. Holman, E. ; Wcidlein, I. F., and Schluetcr, S. A.: A Method 
Experimental Production of Lung Abscess. Proc. Soc. E.xpcr. Biol. i*t Afed. 

2n\ 1926. 

5. RicliardsfUi. C. W. : Tonsillectomy with Consideration of Its Cornplic.iti''*' 

Washington M. .Ann. 12:2, 1912. . , 

(K Bassim: Los Complications broncho-pulmonaircs consecutives a laf.er.".* 
tctomiv ft a Tarns gdalcctomie, Paris thesis, 1913, no. ISl. 
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Dr. Kdward \\\ Archibald, Montreal, presented c.i ratinp tiic value 

of injections oi iodized oil, 40 per cent, in diagnosis anc \)lling the results 

of treatment. 

These papers were discussed by Drs. Frederick T. Lore ' Boston ; A. L. Lock- 
wood. Toronto; Franz Torek, New York; Howard Lilienthril. Xew York; 
James H. Kernan, New York; Willy ^Ic 3 ’er, Xew York; Carl A. Hedblom, 
Chicago: David T. Smith, Ray Brook. N. Y. ; Jacob J. S.'nger, St. Louis; 
Gabriel Tucker, Philadelphia; David H. Ballon, Montreal; Fdwarl W. .\rchibald, 
Montreal, and David A. Stewart, Xinette. Manitoba. 

TuiTRsn.w, Septembkr 30 — Evenixo " .• i . 

The annual bamiuct was held in the Ritz Carlton Hotel. Dr. Fdv;.'rd 
.•Vrciiihald. Montreal, delivered the President’s Address. 

Frid.w, October 1 — ^foR.vixr. 

The meeting was continued at the Ritz Carlton Hotel. 

Dr. M’illiam F. Hamilton, Montreal, by invitation, read a paper on “X'oritiiber- 
culous Pulmonary Disease." Discussion was opened by Dr. Willis S. Lemon. 
Rochester, Minn., who was followed by Drs. Frederick T. Lord, Boston; Howard 
Lilienthal, X'ew York; Xathan W. Green, Xew York; Jacob J. Singer, St. Louis: 
David T. Smith. Raj* Brook. X. Y. ; Edward W. Archibald, ifontreal, and 
William F. Hamilton, Montreal. 

Dr. Carl A. Hedblom, Ciiicago, read a paper on "Late Results of Thoraco- 
plasty for Bronchiectasis." Discu.ssion was opened by Dr. Howard Lilienthal, 
Xew York, who was followed b.v Drs. Willy Meyer, Xew York, and Stuart W. 
Harrington. Rochester, Minn. 

Dr. Willis S. Lemon, Rochester. Minn., read a paper on “The Phj’siologic 
Effect of Phrenic Xcurcctomy." 

Dr. Howard Lilienthal, X’cw York, read a paper on “The Logical Sequence 
in Two-Stage Thoracoplasty." 

These two papers were discussed bj' Drs. Edward S. Welles, Saranac Lake, 
X. Y. ; John L. Yates, Milwaukee: Leo Eloesser, San Francisco: Edward W. 
Archibald. Montreal; Willis S. Lemon. Rochester, Minn., and Howard Lilienthal, 
X'ew York. 

Friday, October 1 — Afterxoox 

The meeting was continued at the Ritz Carlton Hotel. 

The association met in executive session to elect new members, elect officers, 
and consider a revision of the constitution (a draft of the new constitution 
follows these proceedings), and to transact such other business as should formally 
come before it. 

Dr. Howard L. Bcye, Iowa City, read a paper on “Transphrenic Infection: 
Report of Ten Cases.” This paper was discussed by Dr. Edward W. Archibald, 
^lontreal. 

Dr. Leo Eloesser, San Francisco, read a paper on "Preliminary Artificial 
Pneumothorax in Operations on the Open Oiest, with Clinical Obsen-ations on 
the Sensibility and Reflexes of Various Parts of the Lung, and Experiences 
with Various Methods of Anesthesia.” Discussion was opened b}' Dr. Franz 
Torek, >few York, who was followed by Drs. Howard Lilienthal, X'ew York; 
Willy Meyer, X^ew York; Carl A. Hedblom, Chicago, and Leo Eloesser, San 
Francisco. 
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cedure. In I/^kwood’s “ series of fiftj’-three cases, 50 per cent were postoperative. 
WTiittemore’s - statistics on 100 cases reveal sixty-six (66 per cent) as liavine 
been preceded bj* some operation on the upper respiraton- tract. Sante® in a 
serial radiographic study of forty-five cases found six to be postoperative; two 
followed tonsillectomy and four followed laparotomy. There were four post- 
operative lung abscesses in the twelve cases studied by Lewald and Green.*' 
Lockwood " in 1923 compiled 20S cases following tonsillectomy. Homan’s *' study 
comprises twenty -three cases at the Peter Bent Brigham Hospital. Ten occurred 
after nose and throat surgerj* and three following abdominal operations. Heucr 
and -IifacCreadt-,® in summarizing tlie sixty-two lung abscesses in the Johns 
Hopkins Hospital records, found that sixteen occurred after operation, four of 
whicii followed tonsillectomy, Glowacki® studied ninety cases from a number 
of St Louis hospitals during a period of five years. An analysis of only twenty- 
eight is given. Singer and Graham ® reported thirtj'-four cases ; eleven (32 per 
cent) followed an operation, ilackenzie published a report based on 169 cases 
from Belle\Tie Hospital, Jfew' York, during tlie years 1918-1922, eleven of which 
followed tonsillectomy. The total number following operation is not given. In 
the hundred cases reported by Lambert and Aliller,** twenty-five followed operation, 
thirteen of whicli followed tonsillectomy- In a large series of 692 cases observed 
at tlie Maj'o Qinic by’ Hedblom,® 146 (21 per cent) followed an operation. Of 
these 146 cases forty’-eight (33 per cent) occurred after tonsillectomy'. Winner® 
reported twenty-two cases; nine were postoperative. ,In an analysis of 227 cases by’ 
Lord,®' ninety-six (42 per cent) followed a surgical procedure. Greer" analyzed 
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as a whole at any of the regularly convened meetings, after giving the member 
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• 'sillectomies performed at the Maj*o Clinic, Hedblom "-’ 
two occurring after the operation. Data obtained from 
■ .'res sent out by I^Ioore^® revealed that 202 cases occurred 
<.tely 450,000 tonsillectomies, an average of one abscess in 
^ . Two lung abscesses were observed by Herb in a series 

O' ^od adenoid operations under general anesthesia. In the 

sta^ . "aitied by Glowacki from a number of St. Louis hospitals 

one abij..^. . jcitn-ed for every 358 tonsillectomies, while Keiper ■*- makes 
the .rtatenient that out of every 781 tonsillectomies one lung abscess is 
encountered. The source of these figures is not given. 

Deductions based on this inadequate statistical data would be quite 
misleading. That the operation of tonsillectomy has aided considerably 
• in increasing the number of postoperative lung abscess cases is unques- 
tionably true, but the condition attains importance only in a large opera- 
tive series. Many consider the lesion to be a common complication 
after tonsillectomy, but the combined figures would seem to indicate 
that this is a mistaken conception. Furthermore, in view of the vast 
number of tonsil operations performed ever}^ year, it is evident that 
such a complication is rather infrequent. 

ETIOLOGY 

In the previous etiologic discussion of postoperative lung abscess, 
opinions have been formed chiefly from clinical study and observation, 
and scant attention has been paid to the experimental work already 
performed in this particular field. Moreover, the elaboration and appli- 
cation of suitable therapy has thus far received major attention. It is 
highly desirable that the etiology of any known disease be substantiated 
by experimental investigation. Laboratory studies designed to contrib- 
ute something toward a solution of the causative factors of postoperative 
lung abscess should be of considerable significance, and, from the stand- 
point of therapy, advantages from such a stud}' may perhaps be effica- 
ciousl}' applied. 

Interest in the entire group of postoperative pulmonary complica- 
tions naturally incited those who were cognizant of the often dire 
sequelae to propound certain theories explaining the pathways pursued 
by the causative agent to the lung. Three possible courses along which 
infection might travel were recognized, viz., (I) by direct lymphatic 
extension from the operative area; (2) by way of the brfinchi frojjt 
infected material asj)irated during or immediately after the ofjeration. 

41. Herb, I. C. : Postoperative Lunp Complicatiaiis, J. A. .A- 79:33'J (J»l> 
2‘>t 1922. 

42. Kcipvr, G. F.: TIjc Tonsil Question Up to Date. Laryngoscope 31:7/^ 
(Oct.) 1921. 
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Council divert any of the principal of the Endowment Fund into the current 
account of the Association. 

In the event of the dissolution of the Association, tlic Endowment Fund 
shall be distributed among national institutions of the United States :-nd Canada 
in a proportion equal to the then existing ratio between the numbers of citiaens 
of the two nations who are members of the Association. 

Article VIII. — Meetings 

Sec. I. — ^The time, place, duration and procedure of the anr y^trng 
Association shall be determined by the Council, subject only to .•’iuircment.=; r^i 
the Congress of American Physicians and Surgeons, and tl.-; provisions of ‘.ho 
By-Laws. 

Sec. II. — ^A special meeting of the Association may be callc'd oh one mu’.fh’s 
notice on the written request of fifteen members. The specific purposes of tiiV’ 
meeting must be stated in the request and in the official call for the meeting..’' 

Sec. III. — ^Thc annual meeting of the Council shall be held during January. 

Article IX.— Amendments 

Sec. I. — This Constitution shall in no wise be changed except by a three-, 
fourths vote of the members present at an annual meeting, and further provided 
that the proposed alteration or amendment shall have been moved and seconded 
at a previous annual meeting, and that printed copies of the suggested alteration 
or amendment shall have been circulated among the members, and that the mem- 
bers shall have been specifically advised that such alteration or amendment will 
be voted upon. 
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stitutes an argument for the aspiration mechanism. A few investigators. 
Blake and Cecil and Kline and Winternitz,®* have succeeded in pro- 
ducing pneumonia experimentally by intrabronchial insufflation but only 
when a large number of organisms were used. In contrast to these 
results the researches of Stillman ®® are of interest. Experiments were 
carried out with mice exposing them to an atmosphere containing cultures 
of ’bacteria in the form of fine mist. Pneumococcus, Streptococcus 
hcmolyticus, Bacillus influenzae, and staphylococcus readily penetrated 
into the lower respiratory tract. Pneumococci usually disappeared within 
a' few hours and gave rise to no infection even if the mice were chilled. 
The experiments fail to shed any light on the exact mode of natural 
infection of the lung with pneumococci. “They indicate that even in so 
susceptible an animal as the mouse other factors than the presence of 
pneumococci in the lung are necessary for infection.” 

It is difficult to base conclusions on such conflicting evidence, and 
there remains considerable doubt in the opinion of manj^ that aspiration 
is the chief cause of postoperative pneumonia. That postoperative lung 
abscess is the result of aspired infectious material is even more difficult 
to understand. Here the patliologic lesion is a well circumscribed, 
limited nidus of infection which continues to enlarge by destroying 
adjacent parenchymatous tissues, including bronchioles, and finally rup- 
tures into a bronchus adequate in size for its evacuation, or directly into 
the pleural cavity. An will be shown later, attempts to duplicate lung 
abscess by intrabronchial measures in animals have proved futile with 
all investigators. This may be due to the fact that the postoperative 
lesion was assumed to be a bronchicctatic lung abscess, whereas in reality 
the condition probably involves originally the parenchymatous tissues 
and, therefore, has its beginning outside of the bronchial tree. If it 
could be proved that the process started in this fashion, the manner of 
its production would be simple. The source of the infection would then 
obviouslv have been by way of the blood stream. That lung ahscc.ss 
is derived by such a mechanism can only be proved by accurate pathologic 
studies through the various evolutionary stages from its incipicticy. 
Since this is almost an impossibilit}* in clinical cases, final conclusive evi- 
dence Avill probably never be realized. 

53. BLnkc. F. G.. and Cecil. R. L.: Stiidic.c on Kxpcrimcntal Pnciimonu: 
Production of Pneumococcus I-ofiar Pneumonia in .^forI^:eys, J. F.xpcr. ^^crl. 31. *4^.1 
(Oct.'l 1920. 

.'4. Kline, B. S., and Winlernitz, M. C,: Studies upon Lxpcriment.il 
inonia in R.abliits; The Production of Loliar Pneumonia. J. Fxper. Med. 

1015 

Stilhmn, F. G. : The Prc<cnce of Bacteria in the Luturs of MiV< 
tne Inii.'ilati.'in. T. Fxper, Mc<I. 38:11/ fAu^.) 1923. 
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the real etiologic ..factors . in postoperative pulmonar}* complications is 
fur'’ -r emphasized by ,iBoman and Lockhart-Mummen'.«< Bingold “ 
i . !Llie opinion tlmt pulmonary emboli frequently do not display the 
ptomatolog^^ the textbooks teach. There may be only localized pains 
■ ■ he chest followed by hemorrhagic sputum, or the formation of an 
.ess.. Mason '’® in his experimental work on pulmonary embolism and 
; xombqsis states that many of the so-called postoperative pneumonias 
:re embolic processes. Capelle®" attempts to demonstrate the great 
■frequency of embolism subsequent to operation. He recognizes two 
types of emboli, the large fatal type and the small type resulting in 
pleuropneumonic signs which may give rise to a bloody sputum and 
which usually exhibit pleuritic pain and a friction rub as the first sign. 
4^10 onset occurs from six to fifteen days after operation, whereas aspira- 
tion pneumonia would take place earlier. Similar observations and 
descriptions of thrombus formation and dislodgment were made by 
McCann,®® Ochsner and Schneider,®® Hampton and Wharton^® and 
Rupp.^^ DeQuervain makes this statement : 

The most important causes of death — and really three fourths of the true 
postoperative deaths are due to lung complications — are emboli, pneumonia and 
lung gangrene. The danger of these complications depends more on the extent of 
operation than on the question of anesthesia. Even after local anesthesia we have 
seen embolic processes and pneumonia. Perhaps there will always be an oppor- 
tunit}' here to improve our method of procedure. The statistics from our clinic 
confirm the old conception . that a good share of cases which suffer, following 

63. Boman, P. G.: Postoperative Pulmonary Complications, Ivlinncsota Med. 
8:517 fAug.) 1925. 

64. Lockhart-Mummer 3 ', P.: Postoperative Pulmonary Embolism, Brit. Jf. J* 
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I. INTRODUCTION 

TYPES OF LUNG ABSCESS 

Pulmonai'}' suppuration, though long a matter 'of much clinical inter- 
est, remains one of the conditions of which the underlying etiologic fac- 
tors are still in dispute. Several types of lung abscesses seem to occur, 
each of which may develop from quite different causes. With our pi*es- 
ent knowledge, classification from the pathologic point of view seems 
wisest. Aschner ^ groups the several types as follows : 

1. Bronchiectasis. 

2. Bronchiectatic abscess. 

3. Suppurative pneumonitis. 

4. Extrabronchial abscess. 

Among the more common clinical forms of lung abscess is that which 
is now recognized as developing subsequent to operation. This recent 
recognition emphasizes the importance of studying and classifying post- 
operative lung abscess as a separate clinical entity. The considerable 
proportion of such abscesses following the operation of tonsillectomy has 
led the otolaryngologists to study, report on and investigate this condi- 
tion from both the clinical and laboratory sides. The majority of such 
reports and investigations conclude that postoperative lung abscess is 
due to aspiration during the operation. This is in spite of the fact that 
lung abscess has never been satisfactorily reproduced by the experimen- 
tal instillation of infected material and foreign bodies by way of the 

* From the Laboratory of Surgical Research, the Lakeside Hospital and 
Western Reserve University School of Medicine. 

1. Aschner, P. W. : The Pathology of Lung Suppuration, Ann. Surg. 75:321 
(March) 1922. 
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Richardson,®® Tewksbury Manges, “ Coakley,® Myerson,®= 
Hedblom,®2 Pilot and Davis,®® Glowacki,=® Chipman,®i Sante,=® Meyer,'®® 
Lemon ^® and Lockwood,®^ base their argument on the following : 

(1) the common association with general anesthesia; (2) the experi- 
mental evidence that aspiration occurs; (3) the high incidence after ton- 
sillectomy and other operations on the upper respiratory tract, and 
(4) the frequency of lower lobe involvement. 

■ Those who favor embolism. Cutler and Hunt,® Homans,®® Fetterolf 
and Fox,®® Porter,^" Fisher and Cohen, Mackenzie,®® Lukens,®' Simpson 
and Noah,"® Bevan ®® and Frank,^® contend that the following facts must 
be borne in mind : ( 1 ) the frequent development after local anesthesia ; 

(2) the high percentage following septic operations or operations per- 
formed in potentially infected fields ; (3) the greater percentage of occur- 
rence after procedures in mobile operative areas, and (4) the often late 
development of the S3'mptoms. 

The factor of anesthesia and the fact that aspiration occurs have 
already been sufficiently dwelt on. The comparatively larger number of 
operations on the upper respiratory tract would naturally predispose to 
a greater number of pulmonary complications and would, therefore, not 
constitute a strong argument for the aspiration adherents. We agree 
with Homans ®® that the aspirating hypothesis is not required to explain 
the frequency of lower lobe involvement, especially the right. The same 
percentage holds for lobar pneumonia, infarction, foreign body and 
embolus localization. The fact that bronchial communications exist with 
lung abscess is not proof of. the aspiratory origin. As the destructive 
process advances, bronchioles and larger bronchi will gradually be 

80. Richardson, C. W. : Abscess of the Lung and the Method of Prevention in 
Nasopharj’ngeal Surgery, Ann. Otol. Rhin. & Laryng, 31:960, 1922. 
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(Nov. 22) 1919. 
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chetes: IX, Their Role in Pulmonar}' Abscess, Gangrene and Bronchiectasis, 
Arch. Int. ^fed. 34:313 (Sept.) 1924. 
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85. Meyer, Willy: Observations on Lung Suppuration and Its Treatment. 
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following tonsillectomy and adenotomy. In 1914 Scuddcr’ reported sixteen cases' 
of lung abscess treated by surgery. Three occurred postoijcratively, one after a 
nasal septum operation and two after duodenal ulcer operations. The second case 
of lung abscess following tonsillectomy in American literature was . reported by 
Manges® in 1915. The following year Coakley ” reported a similar case, Manges 
compiled nine cases and Richardson” reported three cases, .ill occurring after 
tonsillectomy. In 1917 Frank” compiled three such cases and Tewksbury” pub- 
lished two cases, one of which followed tonsillectomy and the other a nasal opera- 
tion. Tewksbury employed artificial pneumothorax and was the first to institute 
this procedure as a therapeutic measure for the acute abscess. The following year 
he submitted his results on ten acute abscesses,®* all following nose and. throat 
operations. From time to time numerous individual cases have been recorded, 
but only the larger series will be dealt with further. 

In a study of 100 cases of lung abscess by Wessler twenty-six followed opera-' 
tion, twenty-one of which were posttonsillectomy. Fifteen additional cases were 
reported by Wessler and Schwarz,®” five of which followed tonsillectomy. Fisher, 
and Cohen®® compiled seventy-six cases after tonsillectomy. Of thirty-eight cases 
treated by bronchoscopy by Lynah,” nine occurred after operation. Moore” 
compiled 202 abscesses occurring in approximately 450,000 tonsillectomies. 
Prosser” found eighteen cases among the records of the medical division of the 
University of Pennsylvania Hospital, six of which followed some operative pro- 

7. Scudder, C. L.: A Report of the Cases of Lung Abscess at the Massa- 
chusetts General Hospital Clinic, Boston M. & S. J. 171:523, 1914. 

8. Manges, M. : Nontuberculous Pulmonary Suppurations, J. A. M. A. 64: 
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Pneumothorax, J. A. M. A. 68:770 (March 10) 1917. 

14. Tewksbury, W. D.: Treatment of Nontuberculous Lung Abscess with 
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15. Wessler, H. : Lung Abscess and Bronchiectasis: A Clinical and Roent- 
genological Study of 100 Cases, Am. J. Roentgenol. 6:161 (April) 1919. 

16. Wessler, H., and Schwarz, H. : Abscess of Lungs in Infants and Children, 
Am. J. Dis. Child. 19:137 (Feb.) 1920. 

17. Fisher, L., and Cohen, A. J.: Pulmonary Abscess in Adults Following 
Tonsillectomy Under General Anesthesia, J. A. M. A. 77:1313 (Oct. 22) 1921. 
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19. Moore, W. F.: Pulmonary Abscess: An Analysis of Two Hundred and 
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J. A. M. A. 78:1279 (April 29) 1922. 
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thirty-three cases ; twelve (36 per cent) followed operation. In a review of thirty- 
two cases treated bronchoscopicallj', ilyerson" found that ten (31 per cent) 
followed operation. In a more recent article than that of Hedblom,” Lemon" 
stated that fifty-three cases of posttonsillectomy abscess had been observ-ed at the 
Mayo Clinic. Kernan,” in a report before the New York Societj' for Thoracic 
Surgery, stated that of the seventy-nine cases treated bj' him .bronchoscopically 
twenty-five (31 per cent) followed operation. An analysis of the ten caises 
reported by Eggers” reveals two (20 per cent) as having followed operations. 


The larger reported series comprising 1,908 cases of lung abscess 
have been compiled and placed in table 1. Of these 1,908 lung abscesses) 
515, or 29.6 per cent, have been classed as postoperative complications. 


Table 1. — Incidence of Lung Abscess FoUozving Operation 


Xumber 


of 

Author Cases 

Scudder. 1C 

■Wcssler. 100 

tVessIer and Schwartz l.l 

IiVnab 3S 

Prosser IS 

Lockwood .*3 

Whlttcmore 100 

Sante 13 

Lcwald and Green 12 

Homans 23 

Heuer and JIcCreadj- C2 

Glowacki 28 

Singer and Graham 31 

Mackenzie ICO 

Lambert and Miller 100 

Hedblom C92 

Winner 22 

Lord 22T 

Greer 33 

Mej-erson 32 

Kernan 79 

Zggers 10 


1,90S 


Following Operation Xumber 
’ , After Tonsil- 


Xumber 

Per Cent 

lectomy 

Per Cent 

3 

19 

0 

0 

2C 

2C 

21 

21 ■ 

5 

33 

5 

33 

0 

23 

E 

21 

G 

33 

2 

11 

23 

43 

16 

30 

CC 

6C 

4S 

4S 

C 

13 

2 

4 

4 


3 

25 

13 

01 

7 

30 

IG 

26 

4 

C 

2 

7 

2 

7 

U 

32 

S 

24 


, , 

11 

7 

25 

25 

13 

13 

146 

21 

4S 

7 

9 

41 

7 

32 

9C 

42 

49 

21 

12 

3C 

7 

21 

10 

31 

6 

19 

25 

31 



2 

20 

1 

10 

515 

29.61 

2CS 

14.61 


an amazing number. It will also be seen that the operation of tonsil- 
lectomy contributes in no small measure as a causative factor, being 
responsible for 14.6 per cent of the total. Statistics ^•ar}' a great deal 
regarding the f requenc}”^ of lung abscess after tonsillectomy. Lyman 
states that 20,000 tonsillectomies have been performed under nitrous 
oxide anesthesia in the medical department of Washington Universitj' 
without the development of a single postoperative lung abscess. Out of 

36. Ms'erson, M. C. : The Bronchoscopic Treatment of Lung Abscess, Surg. 
Gynec. Obst. 41:573 (Nov.) 1925. 

37. Lemon, W. S.: Clinic on Abscess of Lung: Case of Posttonsillectomy 
Pulmonary Abscess, Arch. Surg. 10:583 (Jan.) 1925. 

38. Kernan, J. A., quoted by Eggers, C. : Lung Abscess Complicated and Hid- 
den b 3 ' Empyema, Arch. Surg. 12:338 (Jan.) 1926. 

39. Eggers (footnote 38). 

40. Lyman, H. W. : Relation of Nose and Throat Operations to Lung Abscess, 
J. Alissouri M. A. 20:418 (Dec.) 1923. 
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.Mclhn(l:of IiUroclucinj? EmhoUis: The animal is anesthetized with 
ether, foli.nvins the adimhiist ration of % or grain of morphine hypo- 
tlermically. . 'I'he right jugular vein is cxitosed and isolated for about 
3 cm. Single .strand.-s of silk loo]>s weighted with clamps, or bulldog 
clami>s. arc placed about tlic central and distal portions of the exposed 
■»‘essel to control bleeding. A tran.s\'cr.sc incisinti is then made to receive 
a glas.s cannula, .sufliciently large in diameter to fill the vein lumen. The 
cannula i.s connected with rubber tubing to a Luer syringe, and the 
entire .system is fillerl with .salt .solution. The material to be injected 
is then placed i>Uo the cannula; the cannula is inserted into the vein; 
the proxitnal bleeding control is released, and the embolus is shot into 
the circulation. 'Fo insure passage of the embolus downward the syringe 
can be filled and emptied several times, 'Fhc opening in the vein is 
suturerl to reestablish the lumen, or the vessel is merely ligated above 
and below. 

Following the intravenous injection, daily roentgenograms of the 
chest are taken, and the development of a pulmonary lesion carefully 
watched for. 

Rcsulfs . — In the first few experiments (experiments 1, 2. 3. 4. 5, 6, 
7, S, 9. 10. 11 and 12) various materials were used as emboli, such as 
pieces of infected tonsillar tissue, bits of muscle and fat impregnated 
with difTcrent bacteria, and in two instances a small cylinder of potato 
injected with an emulsion of StapUyhcoccus aureus. If such substances, 
however, arc permitted to circulate freely in the blood stream, the 
bacteria implanted in the bits of tissue can easily become detached and 
a distribution over a large pulmonary area instead of a concentration at 
one })oint will result. In order to prevent the bacteria from being 
scattered, a small sterile gelatin capsule was used as the conve^’or ; the 
infected material was placed into the capsule and the filled capsule 
injected. The rate of absorption of the gelatin is such that the capsule 
will not dissolve until lodgment in a pulmonar)’^ vessel has taken place. 
A small bit of paraffinized lead w'as also included in order that the final 
resting place of the embolus could be detennined bj'’ roentgenograms. 
It was thought that any possible deleterious effect of the metal on the 
bacteria could be averted if paraffin was used as a coating. 

Difficulty was experienced, however, in obtaining gelatin capsules 
small enough to allow free venous introduction necessary for further 
promulgation. Their use was therefore abandoned and pieces of muscle 
and fat tissue were merely folded over a culture of bacteria and the 
tissue clipped together with a lead filing. In one instance a hole was 
bored into a small lead shot, bacteria were placed into the hole, and the 
opening was closed with a bit of muscle tissue. In still another experi- 
ment a small metal tube was filled with a bacterial culture, and both 
ends were closed with muscle. 
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and (3) by way of the blood stream in the form of sepf ' ' 
the thrombosed vessels of the operative field. In the"-'' 
rapidly accumulating literature dealing with postoperatiVi ^ 
the same views have been applied and repeatedly discbsSed/’’ ' ' 

That the lymphatic route is a possibility has been fh(*’’. 
anatomic studies of Sabin and Miller.^* Not a few ' I'y 

Clendening,"*® gave this view considerable support. The othV’ .ibws 
have, however, caused the greatest amount of discussion:'-'/' “ • ’ 

The early investigative work of Hoelscher and K£lly'^'’^^and fndfe 
recently that of Lemon and Myerson is sufficient Experimental evi- 
dence that aspiration of oral contents occurs during anesthesia, but the 
corollary that this means lung infection does not necessarily follow. 
That aspiration probably occurs in a high percentage of patients under- 
going operations under general anesthesia is an accepted fact. If we 
admit such a possibilit)’’, a greater frequency of lung complications 
should be expected, even in numbers that would exceed the statistics 
published by Cutler and Hunt.® Such is not the case. In spite of badl)'^ 
administered anesthesia, pulmonary complications fail to develop, and 
in the better clinics where skilled anesthetists are now employed these 
complications continue to occur. 

The presence of specific bacteria has been taken by some investigators 
as a factor of major importance. Group IV pneumococcus has been found 
repeatedly in normal mouths and the isolation of these organisms from 
postoperative pneumonia patients by Whipple and Cleveland con- 

43. Sabin, F. R. : The Method of Growth of the Lymphatic System, Science, 
New York 44:145, 1916. 

44. Miller, W. S.: Some Essential Points in the Anatomy of the Lung, Am. 
J. Roentgenol. 4:269 (June) 1917; The Vascular Supply of the Pleura Pulmonalis, 
Am. J. Anat. 7:389, 1908. 

45. Clendening, L. : The Cause of Abscess of the Lung After Tonsillectomy, 

J. A. M. A. 74:941 (April 3) 1920; Abscess of the Lung, Laryngoscope 32:128 
(Feb.) 1922. , 

46. Hoelscher, R. : Experimentelle Untersuchungen fiber die Entstehung der 
Erkrankungen der Luftwege nach Aethernarkose, Arch. f. klin. Chir. 57 : 175, 1898. 

47. Kelly, R. E. : Anesthesia by the Intratracheal Insufflation of Ether, 
Brit. M. J. 2:112 (July 20) 1912; The Intratracheal Insufflation of Ether, Brit.' 
M. J. 2:617 (Sept. 14) 1912. 

48. Lemon, W. S. : Aspiration: Experimental Study, Arch. Surg. 12:187 
(Jan.) 1926. 

49. Myerson, M. C. : Bronchoscopic Observations on the Cough Reflex in 
Tonsillectomy under General Anesthesia, Laryngoscope 34:63 (Jan.) 1924. 

50. Stillman, E. G. : A Contribution to the Epidemiology of Lobar Pneu- 
monia, J. Exper. Med. 24:651 (Dec.) 1916. 

51. Whipple, A. O. : A Study of Postoperative Pneumonitis, Surg. Gynec. 
Obst. 26:29 (Jan.) 1918. 

52. Cleveland, M. : Further Studies in Postoperative Pneumonitis, Surg. Gynec. 
Obst. 28:282 (March) 1919. 
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sHij:Iu pressure su tlial the embolus can be brouprbt to the desired 3 to 
*1 mm. diainclcr. A ti.uhl jjrasp on the ligature is maintained while the 
needle is withdrawn so that when the end is ligated, bacterial contamina- 
tion of the exterior is reduced to a minimum. The embolus, resembling 
a .small .san.sage. is now placed into the open end of the glass cannula 
aufl injected (fig. 2). 



Fig. 2.—Mcthod of introducing septic embolus into jugular vein; A glass 
cannula with an attached rubber tubing and syringe is filled with salt solution; 
the embolus is placed into the open end of the cannula, the cannula is inserted into 
the vein lumen and the embolus is washed into the circulation. 

The development of a standard method for the construction and 
injection of the embolus suggested the possibility of selecting the 
organism most concerned in abscess formation. The following bacteria 
were used : Staphylococcus aureus, nonhemolytic streptococcus, Bacillus 
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Since a knowledge of the initial pathologic process cannot be obtained 
in this manner, and in order to show that the production by embolism 
constitutes a true premise, it is necessary to interpret clinical symptoms 
and physical signs correctly. Application of these findings in terms of 
a pathologic process will then furnish sufficient evidence from which 
justifiable' deductions can be drawn as regards the mechanism responsible 
for the mode of development. If the infective agent is aspired, . earl}' 
or immediate signs and s}-mptoms will be manifested, in all probabilit}' 
during the first postoperative day. Following a variable incremental 
period coexistent with the abscess, the period of resolution commences 
either by lysis from gradual absorption or by crisis from rupture and 
evacuation into a bronchus. If the infective agent is conveyed to the 
lung by the blood stream, the abscess will begin at a time correspondent 
with the dislodgment of the embolus from the source of infection. When 
abscess results in this manner, it follows the operative procedure after 
a variable length of time, although the breaking loose of a thrombus is 
usually considered a later event. Symptoms resulting from such 
a mechanism will of necessity usually exhibit themselves abruptly. There 
is abundant reference material in the previous writings and 
numerous case reports which, when carefully studied from a symptomatic 
point of view, places these lung abscesses in the true parench}Tnatous 
class, and they therefore represent lesions resulting from emboli and 
not from aspiration. 

Adequate support of the embolic theory is furnished in a number of 
early writings, notably those of Otte,^® Homans,®" Gebele,"'® Gottstein,®® 
Henle and Mikulicz.®^ The latter three authors were able to select a 
greater percentage of pulmonaiy’ complications in patients in whom local 
anesthesia was employed than in those in whom a general anesthetic 
was used. Ranzi placed great stress on the frequency' of postoperative 
lung embolism and considered lung infarctions and empyema the result 
of emboli. The importance of pulmonar}' embolism and infarction as 

56. Otte, A.: Ueber die Postoperativen Lungen Komplikationen und Throm- 
boscn nach Aethernarkosen, Munchen. nied. Wchnschr. 54:2473 (Dec. 10) 1907. 

57. Homans, J. : Postoperative PuImonar>' Complications, Bull. Johns Hop- 
kins Hosp. 20:128, 1909. 

58. Gebele: Ueber Embolische Lungenaffektionen nach Eauchoperationen ; 
Eine klinisch-experimentelle Studie, Eeitr. z. klin. Chir. 43:251, 1904. 

59. Gottstein, G. : Erfahrungen 'fiber lokale Anasthesie in der Breslauer Chir- 
urgischen Klinik, Arch. f. klin. Chir. 57:409, 1898. 

60. Henle: Die Alethoden der Schmerzbetaubung und ihre gegenseitige 
Abgrenzung, Verhandl, d. deutsch. Gesellsch. f. Chir. 30:240, 1901. 

61. Mikulicz, J.: Die Methoden der Schmerzbetaubung und ihre gegenseitige 
Abgrenzung, Verhandl. d. deutsch. Gesellsch. f. Chir. 30:560, 1901. 

62. Ranzi, E. : Ueber postoperativen Lungencomplikationen embolischer Xatur, 
Arch. f. klin. Chir. 87:380, 1908. 



coli and i)ncinnpa)''tMis (table 4), Xo attempt was made to use bacteria 
of the same strain atid virulence as interest lay cbicfly in obtaining a 
single organism nr grouj) of {)rganisms which would invariably cause an 
abscess. SlophylococcHs autrtts was thought to l)e most suitable bectiusc 
d* certain attributes possessed by this organism, in particular the liquefy- 

action on lissnes. In tlie nine experiments it) which Slaphylococcus 
<• employed as the sole organism, pulmonary le.siotis failed to 

le' four animals. In two other animals infiltration occurred and 

o ntr V ee animals did a true abscess rlevelop. 'J'his seemed to indicate 
that the • g maintains a fairly high resistance to the staphylococcus. 
’I'he colon bacillus is likewise a tissue Hqucfier. and in the two experi- 
ments in which this organism was itsed ahme an infiltrative lesion devel- 
oped in one instance without abscess formation, while in the second 
experiment a lung abscess folkiwed. W’hen these two organisms, how- 
ever. were combined, hmg abscess developed in each of the four animals 
used. 'J’he nonhemolytic strej^tococcus was responsible in causing two 
lung abscesses. 1 ji a third ajiimal no lesioji <lcveIoj)ed. A pneumococcus 
was used in three animals without the flevelopmcnt of a single lesion. 
'I bis particular organism ha<I been frc.shly obtained frotn a tnonse pre- 
viously inoculated with the si)utum from a pneutnonia patient. This 
same organism, however, when combined with Staphylococcus aureus 
and enclosed in the etnbolus pnxluced an abscess in two out of three 
animals. 

It i.s evident, therefore, that in the dog a le.ssened susceptibility exists 
to any of the forego! Jtg organisms when' used singly, and that this is 
especiall} true in the case of the pneumococcus and to a lesser extent in 
the case of the staphylococcus. The colon bacillus and the streptococcus 
are more apt to produce an infection when used singly. When, however, 
certain combinations of the organisms arc employed, such as a mixture of. 
Staphylococcus aureus and Bacillus coli, lung abscess will usually result, 
and if in addition streptococci and pneumococci arc introduced into the 
enibolns. the experiments seem to indicate that hmg abscess invariably 
results. 

In order to show' that emboli may reach the lung from any operative 
field w'here the venous channel is unimpeded by valves, w'e performed 
two experiments (experiment 55, Dog y59. and experiment 56. Dog 
y60) in which a vein embolus inoculated \vith cultures of Bacillus coli 
and streptococcus was inserted into the femoral vein. A, segment was 
excised from the distal and smaller portion of the femoral vein, the 
segment was prepared in the usual manner; the cannula containing the 
embolus was inserted into the lumen of the central portion of the vein, 
and the infected embolus was washed into the circulation with salt 
solution. A lung abscess developed in both animals. 
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operations upon the stomach, with so-called pneum'oni.h- are ih, reality suffering 
from a process embolic in nature. 


That faults in operative technic, such as infectitih^'careless tran?, ' 
of pedicles, massive ligation of blood vessels and rough use of retrao 
are conducive to pulmonary embolism is pointed out by Heard 
Delore.'^^ Cutler and Hunt ® have probably contributed more tow& 
better understanding and clearer conception of . the impo'rtalhce''^ 
embolism in postoperative pulmonary complications' 'than- afly othe; 
workers in this field. Their belief that an embolus from the operative 
field causes the majority of such complications is being' fcorroborated 
more and more by other observers. 

Conclusions have been reached by many writers that the anestheti'* 
employed is of minor importance. In gastric surgery Gregoire"^® hs^s 
experienced pulmonary complications in 9 per cent of his cases in which 
local anesthesia was used. Mandl found that after goiter operations 
lung complications were more frequent after general than after local 
anesthesia, but that after hernia operations the reverse was true. In 
Moore’s 202 cases of abscess, thirty-nine followed local anesthesia. 
The two lung abscess cases after tonsillectomy reported by Porter 
followed local anesthesia. Two similar cases are reported by Simpson 
and Noah.’® Metastatic abscesses of the lungs and secondarily of the 
liver following tonsillectomy under local anesthesia have been observed 
in three cases at necropsy by Warthin.^® In the clinics of Gottstein,®® 
Henle ®® and Mikulicz there were more lung complications with local 
than with general anesthesia. It would seem that such evidence 
strengthens the embolic theory considerably. 

Recently there has been considerable discussion concerning the 
etiologic factors of posttonsillectomy lung abscess. In a census of 
recent writers, forty declare themselves in favor of aspiration while 
only ten favor embolism as the direct cause of lung abscess. The most 
ardent supporters of the aspiration theory, Moore,^® Lord,®* Whitte- 


73. Heard, J. E. : Postoperative Pulmonary Embolism, New Orleans M, & 
S. J, 76:451 (April) 1924, 

74. Delore, X.; Michon, L., and Pollosson, E.:, Des Complications Pulmon- 
aires au Cours de la Chirurgie Gastrique, Presse med, 32:762 (Sept. 20) 1924. 

75. Gregoire, R. : Les Accidents Pulmonaires dans la Chirurgie Gastrique, 
Bull, et mem. Soc. nat. de Chir. 50:830, 1924. 

76. Mandl, F. : Postoperative Lung Complications, Wien, klin. Wchnschr. 34; 
214 (May 5) 1921. 

77. Porter, W. B. : Pulmonary Abscess Following Tonsillectomy Under Local 
Anesthesia, Virginia M. Monthly 47:606 (March) 1921. 

78. Simpson, J. R., and Noah, H. G. : Report of Two Cases of Lung Abscess 
Following Tonsillectomy Under Local Anesthesia in Tubercular Subjects, Penn- 
sylvania M. J. 23:332 (March) 1920. 

79. Warthin, A. S., quoted by Frank (footnote 12). 
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Microscopically, the ah.scess wall coiisistcil of necrotic tissue with an adjoining 
zone of acute difftisc ifWlaintiintioti. 

liXt'jrtn.Mtr.VT 17.~Dojr Yrt, weighing: 18.8 Kg., July 24, 1925, was given one- 
fourth grain of morphine. Uniler ether anesthesia, the right jugular vein was 
c.xpo.s-ul and opened tran.svcrsely. lUeeding was controlled by single silk strands 
weighted with clamp.s. A gelatin cap.sulc filled with tonsil segments and a piece 
of parafiin (Mated lead filing wa.s placed Into the ve.*;sel and forced downward with 
.salt .solution. Tlw i)}itning in the vein was closed with silk and the skin was 
appro.\-iniated with a continuous .suhrnticular stitch of silk. A roentgenogram of 
the chest taken after the oiieration localized the foreign body in the left' lower hhc. 



Fig. 4 . — Lung sjiccimen obtained at necropsy from Dog V5. experiment 16, five 
days after embolism; the right lower lobe contains a large abscess. 


July 29, a roentgenogram of the chest showed a large area of density with a 
well defined central clear area present in the left lower lobe. The respiratory rate 
was definitclj’’ increased. 

August 1, the dog was killed in a fight. 

Necropsy , — There were some recent pleural adhesions existing between the left 
lower lobe and the chest wall. The left lower lobe was increased in size an 
density. The surface presented a reddened area at one point, and section throug i 
this area revealed one fairly large abscess. Two small abscesses adjoined the 
larger one (fig. 5). The walls of the abscesses were roughened and necrotic. 
Microscopically, the abscess wall showed a rather acute diffuse inflammation o 
the lung tissue adjoining an area of necrosis. Some fibrous tissue was present, a 
beginning resolution. 
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included regardless of whether the abscess originally’ started iritra- 
bronchially or extrabronchially. The time at which the abscess will 
rupture into a bronchus of sufficient size for evacuation or directly into 
the pleural cavity is dependent on its anatomic position. • A spontaneous 
occurrence of the latter two events has been described by -Hartwell,®® 
and Eggers makes the suggestion that rupture into the pleural cavity 
may be considered as a favorable outcome. Many wrilbrs admit that 
the aspiration of oral or pharyngeal content is not responsible Tor the 
ensuing complication per se but that other contributing factors, such as 
preexisting lung disease, the irritant action of the anesthetic, old age and 
debility, play an important part. Myerson ®= concludes that the failure 
of expulsion resulting from damage to the bronchial and lung elements 
by previous lung infections is the important factor. 

The convincing strength of such arguments must be conceded. Based 
on reliable experimental and clinical evidence, our convictions, however, 
lead us to believe that embolism is the chief factor. The experimental 
demonstration by Fetterolf and Fox®® that thrombi, frequently septic, 
exist in the tonsillar sinuses, and that dislodgment can easily occur from 
muscular action, furnishes logical evidence regarding the etiology of 
posttonsillectomy lung abscess. Mackenzie®® expresses similar views. 
The application of suction and the improvement in the administration of 
anesthesia has not in his opinion reduced the number of lung abscesses, 
Bevan ®® makes the statement that during a period of two years at the 
Presbyterian Hospital, Chicago, he has seen from ten to twelve lung and 
brain abscesses following tonsillectomy. As an argument in favor of 
the belief that these are hematogenous in origin, he cites several post- 
tonsillectomy brain abscesses occurring without previous lung abscess. 
The distinction that posttonsillectomy abscess holds in the group of post- 
operative lung abscesses can probably be partly accounted for by the 
fact that the operation is conducted in a potentially infected field and the 
laying open of the venous sinuses is easily accomplished. Likewise the 
mobility of the area, similarly present in abdominal operations, is con- 
ducive to thrombus dislodgment. The influence that mobility exercises 
toward the breaking loose of a thrombus is strikingly illustrated by the 
statistics of Cutler and Hunt,® in which it was shown that following 
epigastric operations pulmonary complications developed in 8 per cent 
of the cases. Gregoire also witnessed such complications in 9 per cent 
of his cases following gastric surgery under local anesthesia. The time 
element is of some importance if the complication develops after four 
to five days. Aspired infections must manifest themselves early. Pul- 
monary infections developing after a variable symptom free period 
cannot be regarded in any other way except as embolic in origin. If 

89. Hartwell, J, A.: Abscess of the Lung, Ann. Surg. 72:333 (Sept.) 1920. 



'JS'’ .iRCiiiriis or su nanny 

Sci)lcml)cr 3, a rocnlRcnoKrain of the chest showed complete obliteration of the 
cavit.v. 

September 9. the dop was lcillc«l in a fipht. 

A’.v;-o/>.?.v.— 'J'hcrc were mimerous wounds covering the entire Iwd}*. The left 
pleural cavity contained mimerous adhesions binding the left lower lobe to the 
diaphragm and to the lateral chest wall. There was considerable puckering at the 
lower pole of the lobe and a thickened area alxmt the size of a walnut could be 
felt within the lobe. The hmg cut with resistance at this iKiiiit. The lead filing 
was recitvered comiiletely encascil in fibrous tissue. Sections for microscopic 
esamination were not taken. 

h.xi’r.iiiMr.NT 19. — Dog Y9, weighing 12 Kg., Sept. 10, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia the right jugular vein was 
exp<iscd and prepared for reception of the emliohis in the routine manner. A 
gelatin capsule loaded with a iiiecc of human tonsil tissue and a parafTinized piece 
of lead filing was introduced into the lumen of the vein and forced onward with 
.salt solution. The vein was closetl with silk and the skin was appro.\imatcd with 
a subcuticular stitch of silk. A roculgenogram of tlie chest revealed the foreign 
body in the left lower lolie. 

September 12, the dog was apparently well. Xo change from the previous 
roentgenogram was noted. 

September 1.5, a roentgenogram of the chest disclo.scd no evidence of lung 
inflammation. 

September 21, there was no evidence of infiltration as shown by the 
roentgenogram. 

September 30, repeated roentgenograms of the chest revealed no evidence of a 
lung lesion. 

n.M'KKiMKNT 20. — Dog Y9, Scpt. .30, 1925, was given one-fourth grain of mor- 
phine. Under ether anesthesia tlic left jugular vein was exposed and prepared 
for the reception of an emliohis in the routine manner. A piece of fat removed 
from the wound was folded over a culture of Slaphylocncciis aureus and Bacillus 
coll and clipped together with a paraflinized lead filing. The material was placed 
into a glass cannula, the cannula was inserted into the lumen of the vein and the 
embolus was forced onward with salt solution. The vein was ligated above and 
below with silk, and the skin was closed with subcuticular silk. A rocntgenogrtnm 
of the chest localized the foreign body in the left lower lobe. 

October 2, a roentgenogram of the chest revealed a circumscribed area of 
beginning density about the lead filing. 

October 5, a roentgenogram of the chest showed a greater degree of infil- 
tration with beginning rarefaction immediately surrounding the piece of lead. 

October 7, cavity formation about the lead was quite distinct 

October 12, cavity formation was marked, but the infiltration in the surrounding 
lung tissue was of less extent. 

October 14, it was decided to remove the lobe and a lobectomy was performed. 
The specimen showed no surface scarring. There was some increase in size and 
density. When the lung was sectioned, a small abscess was encountered with some 
apparent fibrosis of the walls (fig. 6). Microscopically, a section of the abscess 
wall showed considerable fibrosis. Considerable cellular infiltration, chiefly round 
cells, was seen in the surrounding lung tissue. Histologically resolution was 
established. 
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iMg. 7. — Dog YlO, experiment 21, seven days after embolism; the lead filings 
can lu* seen lying at the huttom of an abscess cavity in the left lower lobe. 



Fig. 8. — ^Left lower lobe removed from Dog YlO, experiment 21, thirteen days 
after embolism; a small abscess cavity is still present. , 
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The placement of infected materials into the venous drculation in 
these preliminary experiments demonstrated the comparati^'e ease with 
which lung abscess could be produced, and the information obtained 
furnished sufficient evidence to justif}* further efforts toward construct- 
ing more uniform emboli. 

The method finally used in preparing the artificial, infected embolus 
is as follows : The femoral vein is exposed, ligated centrally an'd distally, 
and a portion, approximately from 6 to 8 mm, long, utilized for the 
embolus. A longer strip of vein can be removed so that two or three 
emboli can be made from the same segment of vein. One end of a 



Fig. I, — ifethod of preparing vein embolus: One end of the vein segment is 
closed with a silk ligature; a straight clamp holds this end down firmly; three 
guy sutures of silk attached to curved clamps serve to hold open the other end of 
the vein segment ; a small bit of lead, bacteria and a few drops of blood can then 
be introduced : the open end is closed with a ligature of silk. 

6 to 8 mm. segment is ligated with silk and held stationart- by an 
attached straight clamp. The other end is held open by three silk 
sutures as illustrated in figure I. Into the lumen of this small segment 
of vein an emulsion of bacteria is introduced by a platinum loop, 
together with a small bit of lead, previously coated v.dth paraffin so as 
to render it inert. A few drops of blood are then added with a blunt 
pointed needle attached to a .syringe, the point of the needle being tied 
in with the silk ligature about the upper end of the vein segment. This 
is to prevent spilling of infected blood and to enable the production of 
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cirriilMitiu. I Ij( - vein w.'is closed with silk :ukI the skin approximated with a 
Miljctiticttlai- stitch *»f silk. A ri)cjUt;enoKr;un of the chc.st localized the lead shot 
iti tiu* left ’ ' ' '.’r lohe. 

Sepfenther a Tocntp:enoKram ..f the chc.st revealed .siigReslivc infiltration about 
the le.nd shot.' •- 

September IS, the area of itifdtration was ipiite extensive about the lead shot 

(fip. 9). 

September 19, there ajipeared hcftinnitiK cavitatifui in the center of the dense 


area, 

Sejitcmher 2o, the infiltration was snbsiflnif: btit there was more evidence of 
r:ivity format iotj. 



I'jg. 9. — Dog Y13, cxiJeriment 24, four days after embolisnr; there is consider- 
able infiltration about the lead shot with suggestive cavity formation. 


September 26, the infiltration h.nd largely subsided but the cavity Avas definitely 
present. The dog remained well. 

Septcmlxir 28, the left lower lobe W’as removed by operation. On palpation a 
circumscribed area of increased densits' could be felt near the tip of the lobe. 
It seemed to be about the size of a walnut. On section the lead shot was found 
lying in a small abscess cavitj'. The small cjdinder of potato was also found 
lying in a small abscess cavity a short distance away (fig. 10). Microscopically, a 
section taken through the abscess Avail shoAA’ed the lining to be composed of con- 
siderable fibrous tissue. Small cell infiltration extended for some distance into 
the adjoining lung tissue. A cellular exudate could be seen in the smaller bronchi. 

Experiment 25.— Dog yi4, Aveighing 10 Kg., Sept IS, 1925, Avas given one- 
fourth grain of morphine. Under ether anesthesia the right jugular vein Avas 
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Table 4— Incidence of Abscess ‘ivith Farious Organisms 


■ Organism 

Staphylococcus aureus 


Experiment Sesiiltnnt Lesion 

21 (T 10) Abscess formation on sixth day; stiii present at necropsy 

on thirteenth day 

22 (T 11) Infiltration on sixth day with subsidence on eighteenth day 

23 CY 12) Sono 

24 (T 12) Xone 

25 (X 13) Abscess formation on seventh day; cavity still present at 

lobectomy on fourteenth day 

20 (T 14) Infiltration beginning on third dav with subsidence on 
eleventh day 
27 (T 15) Xone 

SS (X 27) Abscess formation on fifth day: large cavitv still present 
at lobectomy on twenty-fifth day 
39(X2S) Kone 


Streptococcus. 


Bacillus coli. 


Pneumococcus, 


40 (X 29) Abscess formation on fifth day: large cavity still present 

at lobectomy on twenty-third day 

41 (X 30) Xone 

42 (X 31) Abscess formation on tenth day: large cavity still present 

at lobectomy on twenty-tldrd day 

32 (X 21) Abscess formation on fiftli day; lesion healed on thirty- 

first day 

33 (X 22) Infiltration beginning on fifth day with subsidence on 

ninth day 

43 (X 32) None 

44 (X S3) Xonc 

45 (X 34) Konc 


Staphylococcus aureus, 20 (X 9) 
B. coll 

29 (X 18) 

30 (T 19) 

31 (X20) 


Staphylococcus aureus, 40 (X 35) 
pneumococcus 

47(X3G) 

4S(Y37) 


Staphylococcus aureus, 49 fX 3S) 
B. coli 

pneumococcus 50 (X 39) 

51 (X 40) 


Streptococcus, pneu- 30 (X^ 25) 
mococcus 

37 <X 20) 


Staphylococcus aureus, 3t (X 23) 
streptococcus, B. coli 

85 (X 24) 


Staphylococcus aureus, 52 (X 48) 
streptococcus, pneu- 
mococcus, B. coli 53 (X 51) 

54 (X 52) 


B. coli, streptococcus 55 (X 59) 
50 (X 00) 


Abscess formation on fifth day; small flbrotic wallctl ab- 
scess still present at lobectomy on fourteentli day 
Abscess formation beginning on eighth day; small cavity 
found at lobectomy on tenth day 
Abscess fonnation on sixth day; small cavity stiii present 
at lobectomy on thlrty-fourth day 
Abscess formation on fourti) day; large cavity still 
present at lobectomy on sixth day 

Abscess formation on fourth day; large cavity present at 
necropsy on twenty-second day 
Abscess formation on sixth day: large cavity present at 
lobectomy on twenty-first day 
Infiltration beginning on seventh day; lesion found healed 
at lobectomy on nineteenth day 

•Abscess formation on flftli day; large abscess still present 
at lobectomy on sixteenth day 
Absecss formation beginning on eighth •iny; large cavity 
found at lobectomy on twelfth day 
Absccss formation on fifth <iuy; flbrotic lesion found at 
lobectomy on thirteenth day 

Slight infiltration beginning on sixth day with subsidenco 
after eight days 

Beginning consolidation left lowvr lobe on first jiost- 
operative day and nbscc.°s fonnation on third day; 
resolution on eigliteentli day 

Consolidation right upper lobe' on fifth <iay with resolu- 
tion on twTnty-flftii fiay 

Abscess fonnation on flltl» day; small flbrotic wallctl 
cavity still present at time of lobectomy on thlrt)*- 
tlilrd day 

Absccss formation on seventh day; resolution complete 
on fourteenth day 

AbSMss fonnation on seventh day with <ienth from rup- 
ture into pleural cavity on eleventh day 
Abscess fonnation on fifth day: death from rupture Into 
pleural cavity on eighth day 

Abscess fonnation on second ilay: large necrotic walled 
absccss present at loia'ctomy on founh day 
Abscess fonnation on sixth day; small ab-ci-*- i>res*‘nt at 
lobectomy on tenth ilay 


4i;2 


Aiiciiivns or suRciirv 


I'.xn-UIMIINT 26 .— Dok YIS. \vci}?lu'iiK 6.4 Kr.. Sept. 16, 1925. was given oiie- 
fntirtli prain of morphine. Under ether ane.sthc.sia the right juRular vein was 
prepared in the ti.stial manner. A (liece of muscle removed from the wound was 
folded ahoul a culture of SinI'hyhcncctis aureus and clipped together with a bit 
of parafluiizcd lead filiuR. 'J'he material was placed into a glass cannula, the 
cannula was inserted into the vein and the cml)olus forced onward with' salt 
.solution. 'J’he vein wa.s liRated and the skin was closed in the usual manner. A 
roentpenopram <if the chest localized the foreign body in the left lower lobe. 

Scptcnilicr .10, roentpenoprams of the che.st taken almost daily revealed the 
absence of any lesion in the lungs. 

I'.xi’r.Jti.Mi'.NT 27. — Dog ^ 16, weighing 10.2 Kg., Sept. 18, 1925, was given one- 
fourth prain of mor|)hine. Under ether anesthesia the right jugular vein was 



Fig. II. — Dog Y14, experiment 25, si.x. da 3 's after embolism; a large circum- 
scribed area of density can be .seen about the piece of lead in the left lower lobe. 


prepared in the usual manner. A piece of human tonsil supplemented with cul- 
tures of Staphylococcus aureus and clipped with paraniuized lead filings was placed 
into the glass cannula, the cannula was inserted into the vein, and the embolus 
was forced onward with salt solution. The vein was sutured with silk and t le 
skin was closed in the usual manner. A roentgenogram of the chest revealed the 
foreign body in the left lower lobe, 

September 21, the dog appeared’ sick and had quite a tremor. When first seen 
in the morning there was blood in the cage, and examination revealed old blood 
in both nostrils. There was. beginning infiltration in the left lower lobe (fig- /• 

September 23, the dog continued ill and would not eat. The entire left base 
cast a very dense shadow (fig. 13). 

September 26, a roentgenogram of the chest showed a ver}’ dense sha ow 
occupj’ing the entire lower half of the left chest (fig. 14). The dog died at noon. 
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protocols 


Experiment 16.— Dog YS, weighfng 6.5 Kg., July 18, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia, tlie riglit ju^lar vein was 
exposed. Bulldog clamps were placed on the vein centrally tfn'd dislhlly arid the 
vessel was opened by a transverse incision. A small piece ofLtohsil was insert' 
into the vein and the tissue forced downward with salt solution,^ ,.Th.e oppnii}' 
the vein was sutured with silk and the skin was closed with a coptinu 9 Us, si»’ 
lar silk suture. \ . 

July 21, the dog appeared sick and would not eat. V- 

July 22, the dog continued ill. The respiratory rate was definite’ . iiofeasoft 
A roentgenogram of the chest showed considerable infiltration of tht''vtght lower" 
lobe. ‘ ■ ' 



Fig. 3. — Dog Y5, experiment 16, five daj's after embolism ; the upper area of 
the consolidated right lower lobe is less dense and probably indicates the upper 
limits of the abscess. 

July 23, there was a marked degree of dyspnea. Just preceding death a 
bloody discharge was seen to issue from the nostrils. A roentgenogram of the 
chest taken before death revealed a consolidated lower right lobe containing areas 
of lessened density (fig. 3). 

Nccrol'sy . — The pleural cavity contained a cloudy hemorrhagic fluid. Tlic left 
lung was normal. The right lower lobe was greatly increased in size, red and firm, 
and presented a fibrinous exudate on the pleural surface. A necrotic perforation 
entered what was found to be on section a large irregular necrotic walled abscess 
cavity filled with a partially organized blood clot (fig. 4). An opening led into a 
bronchus and blood was seen throughout the entire bronchial tree. 



I’ip:. 14. Hok ^ 16, experiment 27, eight days after embolism; tljc entire left 
hmg ca.sts a dense shadow. 



Fig. IS. — Left lower lobe removed at necropsy from Dog Y16, experiment 27, 
eight days after embolism ; a large necrotic walled abscess is present. 
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Experiment 18. — Dog Y8, weighing 18 Kg., Aug, 7, 1925,- was given one- 
fourth grain of morphine. Under ether anesthesia the right jugular vein was 
exposed. Bleeding was controlled in the routine manner ; the vein was opened by 
a transverse incision ; a gelatin capsule filled with a paraifinized lead filing and a 
small piece of human tonsil was inserted into the lumen of the vessel ; the capsule 
was forced on with salt solution and the opening in the vessel was .closed with 
silk. The skin was approximated with the usual subcuticular stitch of- silk. A 
roentgenogram localized the foreign body in the left lower lobe. 



Fig. 5. — Lung specimen obtained at necropsy from Dog Y6. e.vperiment 17, eight 
days after embolism; the left lower lobe contains one large and two small 
abscesses. 

August 11, a roentgenogram of the chest showed a diffuse cloudiness of the 
left lower lobe with a suggestive area of cavitation about the piece of lead. The 
dog did not eat his food well. 

August 20, a roentgenogram of the chest disclosed an absce-^s approximately 
2 cm. in diameter in the left lower lobe just above the dome of the diaphragm 
near the hilum. The dog appeared well. 

August 26, the dog had apparently overcome bis infection. A roentgenogram 
of the chest still showed a small cavity. The dog was removed to the main 
kennels. 





Fig. 17. — Dog Y18, experiment 29, five days after embolism; a dense circum- 
scribed area is present about the embolus. 
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Experiment 21. — ^Dog YIO, weighing <3.8 Kg., Sept. 11, 1925, was given one- 
fourth grain of morphine. ' Under ether anesthesia the right jugular vein was 
exposed and prepared for reception of the embolus in the routine manner. A 
piece of muscle taken from the wound was folded about a culture of Staphylo- 
coccus aureus and clamped with a piece of paraffinized lead filing. The. material 



Fig. 6. — Left lower lobe removed from Dog Y9, e.vpcrimeiit 20, fourteen day.s 
after embolism; a small fibrotic walled abscess still remains. 


was then placed into a glass cannula, the cannula inserted into the vein and the 
embolus forced onward with salt solution. The vein was ligated and the .skin 
approximated with a sulxruticular stitch of silk. .A rocjitpenogram of the chest 
localized the foreign body in the left lower lobe. 

September 14. a roentgenogram of the chest shf>we<l some density about the 
foreign body. 






Fig. 19. — Dog Y19, cx|)criniciU 30, nine daj's after embolism; a well defined 
abscess cavity is urcsciit in the left lower lobe. 



Fig. 20. — ^Left lower lobe removed from Dog Y19, experiment 30, thirty-three 
days after embolism ; a small fibrous walled cavity is still present. ‘ 
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September 16, the dog appeared to be breathing more rapidly. A roentgenogram 
of the chest disclosed an increasing area of density M*ith an area of rarefaction in 
the center. 

September 18, a cavity formation about 1 cm. in diameter was present. The 
lead filing had dropped to the bottom of the cavity (fig. 7). 

September 21, the dog did not appear very ill, and apparently was combating 
the infection successfully. 

September 24, during the preparation for a lobectomy the dog died from the 
anesthesia. 

Necropsy: — A firm mass about the size of a walnut could be felt in the left 
lower lobe. There were no pleural adhesions. On sectioning the lobe, a small 
abscess was encountered near the lower pole (fig. 8). Microscopically, a section 
taken through the abscess wall showed almost complete resolution of the inflam- 
matory process. The lining wall of the abscess showed considerable fibrous tissue 
formation. 

Experiment 22. — Dog Yll, weighing 6.7 Kg.. Sept. 12, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia the right jugular vein was 
exposed and prepared for reception of the embolus in the routine manner. A 
culture of Staphylococcus aureus was implanted into a small metal tube, 4 mm. 
long and 2 mm. in diameter, and both ends of the tube were occluded with bits of 
muscle removed from the wound. The tube was introduced into the lumen of the 
vessel and forced onward with salt solution. The vein was ligated with silk and 
the skin approximated with a subcuticular stitch of silk. A roentgenogram of 
the chest localized the foreign body in the left lower lobe. 

September 14, a roentgenogram of the chest revealed no evidence of a patho- 
logic condition of the lung. 

September 18, the roentgenogram disclosed for the first time definite signs of 
infiltration about the foreign body. 

September 21, there was more evidence of infiltration in the area previously 
described. 

September 28, the lung shadow present in the previous roentgenogram had 
largely subsided. The dog had remained well. 

October 1, the lower left lobe was removed by operation. The specimen con- 
tained a small mass of fibrous tissue completely encasing the metal tube. Xo 
sections for microscopic examination were taken. 

Experiment 23. — Dog Y12, weighing 10.5 Kg., Sept. 14, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia the right jugular vein was 

exposed and prepared for reception of the embolus. A cylinder of raw potato 

was cut with a glass lube and impregnated with a suspension of Staphylococcus 
aureus. The tube was itiserted into the lumen of the vein and the cmlxilus was 
forced onward with salt solution. 

September 30, almost daily roentgenograms of the chest were taken but the 
lung remained clear. 

Experiment 24. — Dog yi3, weighing 15.6 Kg., Sept. 14. 1925, was given one- 
fourth grain of morphine. Under ether anesthesia the right jugular vein was 

e.xposed and prepared for reception of the embolus in the routine manner. .A 

cylinder of raw potato was cut with a glass tube and impregnated with staphylococ- 
cus. The tube was inserted into the lumen of the vein and the embolus forced 
downward with salt solution. .sm.Tll lead sh<it. which had been previously 
drilled into, was filled with a culture of Staphylococcus aureus, and the hole in 
the shot was plugged with a bit of muscle. This was likewise forced into the 



5(K1 


.iiicniriis or svrgjiry 


lobe 


Octolwr 7. st-larf-c circumscribed area c.f density was present in the left lower 


()ct<>!)er y. a r<ientpen(>};ram slwm-ed a larRc cavity in tbe ccjitcr of tbc area of 
density. Tbc lead filinp !iad dropped to the bottom of tbe cavity (fig, 23), The 
lube was removed by operatioti. Tbe left lower lobe revealed au indnrated mass in 
tbc center of tbe lobe. I'btctuatinn within tbe mass could be palpated. When it 



Fig. 23.-— Dog Y20, experiment 31, si-x day.s after embolism; a large abscess 
cavity is jircsent : tbe lead fdings have dropped to tbc bottom of tbc cavity. 



Fig. 24. — ^Lcft lower lobe removed from Dog Y20, experiment 31, six days 
after embolism; a large necrotic walled abscess is present. 


was sectioned an abscess cavity about tbc size of a walnut was encountered con- 
taining necrotic tissue and pus (fig. 24). Cultures taken from the pus revealed 
staphyloccoccus and Bacillus coli. Microscopically, a section taken through the 
abscess wall showed the inner wall of the cavity to be made up of fibrin and 
necrotic tissue. The adjoining lung tissue was densely infiltrated with leuko-- 
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exposed and prepared for reception of the embolus in the routine manner. A 
piece of muscle taken from the wound was folded about a culture. of .Staphylo- 
coccus aureus and clamped with a small piece of paraffinized . lead fThe.bit of 
muscle was then placed into a glass cannula, the cannula was insertf ,■ j lito the vein 
and the embolus was forced onward with salt solution. The vein was- closed willi 
silk and the skin approximated with a subcuticular stitch of silk.? A.-roengeno- 
gram of the chest localized the foreign bod 3 ' in the left lower lobe. 

September 18, a roentgenogram of the chest showed a beginning infiltration 
about the foreign body. 

September 21, the shadow of density in the left lower lobe was quite marked 
(fig. 11). • ■■■. 



Fig. 10. — Left lower lobe removed from Dog Y13, experiment 24, fourteen days 
after embolism; the cylinder of potato can be seen lying in a small abscess cavity: 
the adjoining lung tissues arc infiltrated. 

September 26, the area of infiltration was decreasing but a suggestive area of 
cavitation was present. 

September 29, the lobe was removed by operation. The specimen showed a 
discolored wedge shaped area near the lip and gave evidence of a healing fibrotic 
infarct. Some induration could be felt beneath the scar in the lung tissue it^elf. 
Section through this area disclosed only fibrous tissue, whicli completely surrounded 
the piece of lead. Microscopically', a section taken through the area of infiltration 
.showed the inflammatory process to be resolving. There wac some fibrous ti'>ue 
formation. The active inflammatory process extendeil for only a short distrnce 
into the adjoining lung tissue. 





I'j'k. 25.— I)<ir y2l. cxjicniiu'iit .'?2, five ilays after etnhoh'sni; cavity formation 
about liie vmliohiN is quite distinct. 



Fig. 26. — Left lower lobe removed from Dog Y21, experiment 32 , thirty-three 
days after embolism ; a healed area of fibrosis is present. 





Fig. 13. Dog Y16, experiment 27, five ’days after cmboHcm; there is marked 
consolidation of the left lower lobe. 



I'iy. 27. — Dog Y27, e.\*|>criincnt 28, ten days after embolism; a small abscess 
cavity is visible in tlic riglit lower lobe. 



Fig. 28, — Right lower lobe removed from Dog Y27, experiment 38, twenty- 
seven days after embolism ; a fibrous lined cavity is still present 
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Necropsy . — ^The pleural cavities contained a large amount of dark bloody fluid. 
There were no pleural adhesions. A large blood clot was present in the left 
pleural sinus. The entire left lower lobe was large and firm. In the lower part 
of the lobe an abscess cavity about the size' of a walnut was found to have 
ruptured into the pleural cavity (fig. IS). The upper left lobe showed almost 
complete atelectasis while the lobes on the right were air containing and apirarcntlj' 
normal. Microscopicallj', a section taken through the abscess wall showed an acute 
diffuse inflammation of the neighboring lung tissue. The infiltrating . cells were 
mostly leukocytes. The inner wall of the abscess was composed of fibrin and 
necrotic tissue. 

Experiment 28. — Dog Y12, weighing 10.5 Kg., Oct. 21, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia the left jugular vein was 
prepared in the usual manner. The right femoral vein was then isolated and a 
segment removed. A portion of this segment of vein was prepared according to 
the technic previously described and inoculated with a pure culture of Slaphylo- 
cocus aureus. The embolus was then placed into a glass cannula and injected into 
the jugular vein. The skin incisions were closed with a subcuticular stitch of silk, 
A roentgenogram of the chest localized the foreign body in the right lower lobe. 

October 23, there was no roentgcnographic evidence of infiltration about the 
foreign body, 

October 26, no definite evidence of a pulmonary lesion could be determined. 

November 10, the dog remained -well and at no time did a pulmonary lesion 
develop. 

Experiment 29, — Dog YIS, weighing 16.3 Kg., Oct. 2, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia the left jugular vein was 
prepared in the usual manner. A segment of femoral vein removed from Dog YIS 
was inoculated with cultures of Bacillus colt and Staphylococcus aureus and injected 
into the jugular vein. The vessel Avas closed with silk and the skin was approxi- 
mated with a subcuticular stitch of silk. A roentgenogram of the chest localized 
the foreign body in the left lower lobe. 

October S, a roentgenogram of the chest revealed considerable infiltration about 
the foreign body in the left lower lobe (fig. 16). 

October 7, the infiltration was quite marked and extensive (fig. 17). 

October 12, a small area of rarefaction appeared in the central portion of the 
dense area. It Avas decided to perform a lobectomy. The dog appeared qtn'te aa'cII. 
Examination of the left lower lobe rcA’caled a fibrotic healed infarct. A .email 
area of induration could be felt Avithin the central portion of the lobe. When 
the lobe Avas sectioned a small abscess caA'ity aa’bs encountered (fig. 18). Micro- 
scopically, a section taken through the abscess wall shoAA'cd the inner A\-all to be 
made up of fibrous tissue. Histologically, the picture was one of resolving 
inflammation. 

Experiment 30, — Dog Y19, Avcighing 16.4 Kg., Oct. 3, 1925, Avas given one- 
fourth grain of morphine. Under ether anesthesia a segment from the right 
femoral vein AA*as removed, inoculated Avith cultures of Bacillus coli and Staphy~ 
lococcus aureus and introduced into the left jugular vein. The A'essel Avas sutured 
Avitb silk and both skin incisions Avcrc closed Avith a subcuticular stitch of silk. A 
roentgenogram of the chest localized the foreign body in the left lower lobe. 

October 5, there Avas beginning infiltration about the foreign body. 

October 7, infiltration Avas marked and lx*panning cavitation A\’as apparent. 

October 9, a well defined caATiy AA-as present in the roentgenogram. 
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ARCH urns OF surghrv 


Oclnhor 28. there was hcKinniiiK iiinitrathin ahoijt tlie forciRii body. 
October 31, a defiriife abscess cavity coiibl be .seen ii> the left lower lobe. 
November 9, tlie ab.scess cavity was <|tiitc larRc. The lead filinR could be 
in the Ixittoin of the cavity. 


seen 


November 18, the left lower lobe was removed by operation. The lobe was not 
bound <lown by pleural :idhe.sions, A moderately larRc indtjrated mass could be 
fell. When .sectioned .-i fairly lacRe abscess cavity was encountered (fig. 29). 
Microscopically, a .section taken through the abscess wall showed a lining mem- 
brane of fibrous tissue. Histologically, the picture was one of an nimo.st completely 
healed process. 



Fig. 30.— Right lower lobe removed from Dog Y30, experiment 41, sixteen days 
after embolism ; a small abscess cavity can be seen. 

Experimknt 41. — Dog Y30, weighing 9.5 Kg., Oct. 26, 1925, was given one- 
sixth grain of morphine. Under ether anesthesia a segment of femoral vein, 
removed from Y29 and inoculated with cultures of a long chain streptococcus, 
was introduced into the left jugular vein. A roentgenogram of the chest localized 
the foreign body in the right lower lobe. 

November 11, the dog failed to show any definite symptoms indicative of an 
infection. Inability to obtain good roentgengrams on repeated occasions^ com- 
pelled us to remove the right lower lobe by operation in order to ascertain the 
nature of the lesion. On its external surface the lobe appeared to be normal. 
Near the tip of the lobe a small abscess cavity was found after sectioning (fig. 30). 
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October 12, an abscess cavity about 2 cm. in diameter could be seen (fig, 19.) 

November 1, roentgenograms of the chest had shown a gradual subsidence of 
the infiltration. The cavity likewise had decreased in size. 

November 6, the left lower lobe was removed by operation. There were 
numerous pleural adhesions attaching the lobe to the diaphragm. A small area of 
induration could be felt within the lobe. When it was sectioned a small fibrous 
walled cavity containing the bits of lead and silk was encountered (fig. 20'.. 
Microscopically, a section taken through the abscess wall showed the inner v--<l’ 
of the cavity to be made up almost entirely of fibrous tis.^ue. There was still 
considerable round cell infiltration. 



Fig. 18. — Left lower lobe removed from Dog YlS, experiment 29. ten day.s 
after embolism; a small abscess cavity containing the piece «t lead i' .'•till pre.-ent. 

Fxrr.ttiMr.XT ol. — Dog V2(l. weighing 10.fi Kg., Oct. o, 192.'. was given onc- 
toiirth grain »»f morphine. Under ether anesthesia a segment from the rigltl 
femoral vein was removed, inoculated with cultures of Bt:ciU::s ro/i and Siafhy- 
lococcus aureus and introduced into the left jugular vein. The ve^el was suture-<l 
with silk attd both skin incisions approximated with a subaninilar stitch of silk. 

roentgenogram of the chest localized the foreign b >i!y ht the left lower b>be 
(fig. 21). 

October a menlgenograra of the cho.-n showed c-'n^ii.’erable infiltr.'iti ":) aV ut 
the foreign body in the left lower lobe ifis. 22 ). 


Fig. 32. — ^Appearance after sectioning the removed lobe of Dog YSl, experiment 
42 ; the multiloculated character of the abscess cavity should be noted. 




5H) ARCHIVES OF SURGERY 


a fihrotic snioolli walled cavity, Tlicre was a cojisiderablc zone of round cell 
inriltratinn. 


-I/.—Dok Y3r), wcif-liitiR 13.2 Kr., Nov. 2, 1925, was given one- 
praiii nf tmirphiue. Under ether anesthesia a segment of the right femoral 
removed, im cnlated with cultures of pneumococcus type II and Slaphy- 
irnif, and intrnducerl into the left jugular vein. A roentgenogram of 
ifsl liicali^ed the foreign l)*nly in the right lower lobe. 

November 5, there was hcRinning innitration about the foreign body. 
November 9, a large cavity cotdd he seen about the foreign body (fig. 34). 



Fig, 34.— Dor Y36, experiment 47, seven days after embolism; a large thin 
walled cavity without a surrounding lung infiltration can be seen. 


November 17, the cavity had increased in size. The dog appeared ill. 

November 21, the dog continued ill and showed symptoms of distemper. A 
roentgenogram revealed a large cavity in the right lower lobe and a diffuse cloudi 
ness in the region of the right middle lobe, evident^' the picture of a distemper 
lung (fig. 35). 

November 23, the right lower lobe was removed by operation. A consolidated 
right middle lobe was also removed. The right lower lobe was definitely increase 
in size. Induration could be felt within. When sectioned a large abscess canty 
was found (fig. 36). Microscopicalb', a section taken through the abscess wa 
showed a fairly smooth fibrotic lined cavity. There was a moderate degree o 
cellular infiltration. 
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cytes. There was considerable recent hemorrhage. Histological!}*, the picture 
was one of acute diffuse inflammation. 

Experiment 32. — Dog Y21, weighing 15 Kg., Oct. 7. 1925, was given one- 
fourth grain of morphine. Under ether anesthesia a section from the riglit 
femoral vein was removed, inoculated with cultures of Bacillus edit and intro- 
duced into the left jugular vein. A roentgenogram oi the chest localized the 
foreign body in the left lower lobe. 

October 8, an area of clouditiess could be seen about the foreigti bod}*. 

October 12, the area of density was larger in size and a distinct ca\ t} was 
visible (fig. 25). 

November 3, subsequent roentgenograms of the chest revealed a persistence of 
the cavity. 

November 9, the left lower lobe was removed by operation. The specimen 
showed a healed fibrotic lesion (fig. 26). Microscopic sections were not taken. 

Experiment 33, — Dog y22, weighing 20 Kg.. Oct. 7, 1925, was given nr.t- 
fourth grain of morphine. Under ether anesthesia a segment of right femora’ 
vein removed from Y21 and inoculated with cultures of Bacillus coU was 
introduced into the left jugular vein. A roentgenogram of the cljcst localized the 
foreign body in the left lower lobe. 

October 8, there was an area of beginning density about the foreign body. 

October 12, considerable infiltration could be seen in the left lower lobe. 

October 16, the infiltration had almost subsided. 

October 19, a roentgenogram of the chest showed the hmgs to be clear. 

October 22, the dog was killed in a fight. 

Necropsy. — Tlie pleural cavities were free of fluid and adhesions. The lungs 
were normal c-\cept for an area of fibrosis completely encasing the bit ni lead. 
Microscopically the section showed almost complete fiI)rotic organir-ition. .\ few 
round cells were still present. 


E.\peri.ment 34. — Dog Y23, weighing 11.3 Kg., Oct. 14, 1925. was given tuic- 
fourth grain of morphine. Under ether anesthesia a segment of the right fenviral 
vein was removcil, inoculated with cultures of Bacillus coli, .Stafhyh'ioctus au’cus 
and streptococcus, and introduced into the right jugular vein. r.'cnfcenogram 
of the cliest localized the foreign body in the right upper !*>l)e. 

October 17, a roentgenogram of the chest showed considerable iiifiltration 
the foreign lx>dy. 

October 19, there was a consolidation vi the entire upper right h-be. The dog 
appeared ill. 

October 23. the d<»g continHe<l ill and would not eat. The rieht tniddle l>>be 
appeared consolidated. While the animal wav heine placei! on tlw r<'< nteen-r.-.y 
table, considemble bloody and punilent spunnn .ajqieared in the no-trih on 
jng and sneezing. The inliltralion appeared Jew tJin^e. 

Octjiber 2'i. there remained .about the vame degree of den-it} in jhr- riet:! l;::ie. 

October 2tS, bnmcho.vcopic e.vamination revealed mne.'pnrnkn.t m.-.teri.il 
the trachea apparetnly ari-ing from the hr«>nchi en the righ.t sMv. 

(.Jetoher 31. a nieiitgeiiogram of the che-t shoued Ic" <!i :!':!} of ri.*;;: 
upper lobe. The middle wav fairly cle.ar. The doo beg.'m t>> crit l- tter. 

November there w.*’.' almos; complete revolution ,,f the pn- nn; :.!,* iri 

December 11, th.e animal wav v.-icrificed. 

Ncc/'itf'sy — There were no jdeur.'.l adhe-.’o:;- ']'};• h:::e> app-.-.r..; rn'.al 

except tor -onte fibri>.'iv the right upper 1 The p-r.-e of l,-^ j v._r r-.; '.-r-. : 
in an ;ire;i of fib.'-ovi-. 




Fig. 38, — Left lower lobe removed from Dog Y38, experiment 49, sixteen days 
after embolism; a small abscess cavity is still present. 
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Experimknt 33. — Dog y24, weighing 13.7 Kg., Oct. 14, 1925, , cn one- 
fourth grain of morphine. Under ether ancsthc.^ia a segment of .al vein, 
removed from Y23 and inoculated with culture.^ of Bacillus colt, 'ylococcus 
aureus and streptococcus, was introduced into the left jugular vein oentgeno- 
gram of the chest localized the foreign body in the right lower lob 

October 15, a roentgenogram of the che.st showed beginning infil -ation alKjut 
the foreign body. 

October 17, there was beginning cavitation in the area of tlcnsitj'. 

November 16, frequent rocntgejiograms of the chest had shown the persi-tcncc 
of a small cavity in a zone of infiltration in the right lower lobe. It was dicidcd 
to remove the lobe by operation. The specimen removed .«howcd considerable 
fibrosis in an area surrounding the lead filing with almost complete obliteration 
of a small cavity. Microscopically, the section showed complete fibrotic healing. 

Exi’i;Ri.\n;xT 36. — Dog Y25, weighing 14.5 Kg.. Oct. 16, 1925, was given one- 
fourth grain of morphine. Under ether ancstbc.«ia a .‘‘Cgmcnt was removed from 
the right femoral vein, inoculated with cultures of pneumococcus and strcjifocric- 
cus, and introduced into the left jugular vein. A roentgenogram of the chest 
localized the foreign body in the left lower lobe. 

October 19, roentgenograms of the chest ha»l not shown any infiltration. 

October 22, there was a moderate degree of infiltration al>fjut the foreign Ixjdy. 

November 3, the subsequent roentgenograms had shown nothing further and 
the infiltration had subsided. The dog's general condition remained good. 

December 1, the dog was killed in a fight. 

Necropsy. — Both pleural cavities and lungs were normal. The Icacl filing was 
recovered in the left lower lobe encased in a small amount of fibrotis ti.ssue. 


Exi'erimi'.nt 37-— *-Dog Y26, weighing 9.5 Kg., Oct. 16, 1925, was given one- 
sixth grain of morphine. Under ether .anc.sthc.sia a segment of femoral vein, 
removed from Y25 and inoculated with pneumococcus and streptococcus, was 
introduced into the left jugular vein. A roentgenogram of the chest localized the 
foreign body in the left lower lobe. 

October 17, a roentgenogram of the cbe.st showed a difTuse cloudiness of the left 
lower lobe, 

October 19, density of a moderate degree was confined to the left lower lobe. 
The dog appeared ill. 

October 22, the consolidation was subsiding. 

October 27, the lungs were clear. The animal was allowed to live. 

ExfiiKiMr.NT 38. — Dog Y27, weighing 13.6 Kg.. Oct. 21, 192.', was given one- 
fourth grain of morphine. A segment of femoral vein, removed from Y12 and 
inoculated with cultures of Staphylococcus aureus, was introduced into the left 
jugular vein. roentgenogram of the chest localized the foreign l><>dy in the 
right lower lobe, 

October 26, a roentgenogram «)f the chest showed a large area of infiltration 
.about the foreign body with a definite beginning cavit.'ition in the central p<'»rtion. 

October 31, a small .abscess cavity in the right lower lobe on a level with the 
dome of the diaphragm was visible (fig. 27). 

November 9, the process had subsided hut a small cavity apparently remrtined 
with only a slight degree of infiltration surroimding^. 

November 17, the right lower lobe was removed by operation. A few pleural 
.adhesions existe<l between the lolie and the diaphragm. Sectioning the lung 
reve.aled a large abvces.s cavity (fig. 28). Micn>«copically, .a section taken through 
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NovcnilHT 12. there \v;i.s hef;iiiniiiK infiltration abniit iljc foreign Jrody 

N'ovi'inher 14, the inliltratinn was n«»rc marked in extent. 

Kovcinher lf», heginniiig eavilalion was seen within the area of density. 

November lb. tlw infiltration was subsiding. Signs of cavitation had 
disappearetl. 

November 24, the infiltration w.a> very slight. The lesion had apparently 
re.solveil. I he lobe was rem.>ved by operation. I he removed lobe presented a 
normal aj>peara»iee, ‘I here was a small area of rihro.sis about the lead. Micro- 
scopically, the section showetl dense fibrous tissue formation. There was still 
sotne cellular exiidate jircsent. 



Fig. 39. — Right lower lohc removed from Dog Y39, experiment SO, twelve days 
after embolism; a large ahscc.ss cavity i.s present. 

Experiment 52.' — Dog Y48, weighing 13 Kg., Dec. 14, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia a segment of the right femoral 
vein was removed, inoculated with cultures of Staphylococcus aureus. Bacillus 
colt, streptococcus and pneumococcus, and introduced into the left jugular vein. A 
roentgenogram of the chest localized the foreign body in the right lower lobe. 

December 15, there was beginning infiltration about the foreign body. 

December 16, the infiltration was more marked. 

December 17, within an increasing area of density beginning rarefaction cou 
be seen. 

December 19, the infiltration was subsiding. The signs of cavitation were 
distinctly visible. 

December 21, the lesion was resolving. 

Jan. 14, 1926, the lesion had resolved. 





Fig. 41. — Dog YS9, experiment SS, two days after embolism. There is con- 
siderable infiltration of the left lower lobe. 
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Microscopically, a section taken through the abscess wall showed a fibrous 
tissue lining with ver}' little cellular infiltration. 

Experiment 42. — ^Dog Y31, weighing 8 Kg., Oct. 26, 1925, was. given one- 
sixth grain of morphine. Under ether anesthesia a segment of vein, removed from 
Y29 and inoculated with cultures of a long chain streptococcus, was introduced into 
the left jugular vein. A roentgenogram of the chest localized the foreign body 
in the left lower lobe. 

October 28, beginning infiltration could be seen about the foreign bodj*. 

October 31, the infiltration was more marked. 

November 4, a definite multiloculated abscess cavity with a peripheral zone 
of infiltration was visible. 

November 9, the cavity was visible through the apex of the heart shadow. 
The piece of lead had assumed the most dependent portion of the cavit)’. 

November 18, the abscess persisted in size and the lobe was removed by opera- 
tion. A definite thin walled cavity could be seen through the visceral pleura 
(fig. 31). Section through the lesion revealed a multiloculated thin walled cavity. 
Microscopically, a section through the w'all showed a smooth fibrous tissue inner 
lining (fig. 32). A few round cells were present in the narrow abscess wall. The 
process was almost healed. 

Experiment 43. — Dog Y32, weighing 13.1 Kg., Oct. 31, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia a segment of the femoral vein 
removed from Y33 and inoculated with a culture of pneumococcus type II was 
introduced into the left jugular vein. A roentgenogram of the chest localized the 
foreign body in the right lower lobe. 

November 9, the dog remained well. Daily roentgenograms of the chest 
revealed no developmental lesion. 

November IS, the dog contracted distemper from which he died. Signs of 
illness preceded death for only a few days. 

Necropsy . — ^The lungs and bronchi showed the characteristic distemper findings. 
There were scattered patches of consolidation throughout both lungs. Pus exuded 
from the bronchi. The lead filing was encased in a small amount of fibrous tissue. 

Experiment 44. — ^Dog Y33, weighing 10.1 Kg., Oct 31, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia a segment of the right femoral 
vein inoculated with a culture of pneumococcus type II was introduced into the left 
jugular vein. A roentgenogram of the chest localized the foreign body* in the 
right lower lobe. 

November 19, repeated roentgenograms failed to show any developmental lesion, 
although the dome of the diaphragm always obscured the area occupied by the 
foreign body. The lobe was removed by operation. Tiic removed lobe was 
normal. The piece of lead was encased in a slight amount of fibrous tissue. 
Microscopically the section showed dense fibrous tissue with a few infiltrating 
round cells. 

Experiment 45. — Dog Y34, weighing 62 Kg., Oct. 31, 1925, was given one- 
sixth grain of morphine. Under ether anesthesia a segment of the femoral vein, 
removed from Y33 and inoculated with a culture of pneumococcus type II, was 
introduced into the left jugular vein. A roentgenogram of the chest localized the 
foreign body in the right lower lobe. 

November 12, repeated roentgenograms disclosed no developmental lesion in 
the lung. 




cxpcri’incnt 56, two days after lodgment of an infected 
embolus in the riplit midiilc lobe : there is hcRiriniiiff infiltration. 



Fig. 45. — Dog Y60, experiment 56, five -days after embolism; a small abscess 
cavity surrounded by a zone of infiltration can be seen. 
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November 14,, the dog-was killed because of a developing distempp . ' 
Necropsy. — The typical distemper appearance of the lungs an* .hi was 
found. The lead filing was encased in fibrous tissue. 

. ExPERistENT 46. — Dog Y3S, weighnig 22.6 Kg., Nov. 2, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia a segment of the femoral vein, 
removed from Y37 and inoculated with cultures of pneumococcus type II and 
Staphylococcus aureus, was introduced into the left jugular vein. A roentgeno- 
gram of the chest revealed the foreign body in the right lower lobe. 



Fig. 33. — Right lower lobe removed from Dog Y3S, experiment 46, iwcnty-two 
days after embolism ; a large abscess cavity is present. 


November 5, there was beginning infiltration about the foreign body. 

November 12, a small cavity was seen in the zone of infiltration. 

November 17, a cavity measuring approximately 2 cm. in diameter ojuld be 
seen. 

November 24, the dog was killed in a fight. 

Necropsy. — A fairly large indurated mass could be felt in the right lower lobe. 
When sectioned, an abscess cavity with numerous secondary cavities was encoun- 
tered (fig. 33). M icroscopicall.v, a section taken through the abscess wall showed 
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March 30, tl>o al»RCcss cavity siirr«nnulwl hy a zniic <if InnUration had increased 
considerahly in size (fij;. 45). The ahscc.sscti ri^lu middle lobe and the remaining 
lo!)es t>{ the right hing were nnunved hy npcratioii. On examining the removed 
Jobe, an liiflnratcfl ntass alxnil the .size of a walmtl could be felt. The visceral 
pleura ftverlying the mass was redflenc*! ami thickened. When the lobe was sec- 
tioned a small abscess cavity was enc«»untered (fig. 46). 

ft i.MPAKi.sio.v AXi) roxn.rawsH 

j'roiii ilif [irtiioctils it i.s apjjarent that we were unable to 

e.stalili.sh a clirtniif lun.ij .suppuration even itt tho.s’c animal.s in which the 
ali.sce.s.s wa.s allowet) iti remain in llie Inn;,' for a comi)aratively long 
jtcriocl of time. In M.xperiment.s 18, .10 aiul 32 in which the lesion was 
e.xamined after thirty-three, thirty-four and thirty-three day.s, respec- 
tively, a healetl proce.ss was deinonstrahle, A chronic su])purative process 
of the lungs will prohahly never he realizefl in flogs regardless of the 
methods employed. 'Phe e.xperiences of .Scarf)' help substantiate these 
conclusions. Drainage of any lung .Mtpjniralion in the dog is greatly 
facilitated hy nature of the horizfmtal position assumed by tbe bronchial 
tree, btjt even without such e.xcellent drainage, it is doubtful w'hether 
long continuefi sttppttratifiu cati he maintaincfl hecau.'ic of the dog's great 
natural resi.stive powers. 

Acconling to the njentgenograms, the embolus lodged in the left 
lower lobe in twetily-ninc instances and in the right lower lobe in 
eighteen instances. 'J'he reason for .such embolus localization is explained 
by the more direct and straight course pursued by the left pulmonary 
artery in the dog. and by the characteristic greater volume of blood 
going to the lower lobes as compared to the upi)cr lobes. In the human 
being the right pulmotiaiy artery has the advantage over its fellow of 
the opposite side. In one experiment, the embolus lodged in the right 
upper lobe anti in another the embolus localized in the right middle lobe. 

When we briefly review the results obtained, the first e.xperiments 
demonstrate that lung abscess can probably never be jiroduced in clogs 
if the infection is introduced by way of the bronchi. The experiments 
further show that such acute lesions can be produced in dogs if the 
intravenous route is chosen as the pathway for the transmission of the 
infective agent to the lung. Successful production is. however, depen- 
dent on several factors. Thus, it has been shown that the type of 
organisms employed is of considerable importance and that certain 
bacteria must be used in order to produce lung suppuration in the 
dog. Furthermore, the bacteria must be kept accumulated in a single 
mass and enclosed in some sort of a capsule to prevent dissemination 
over a large puhnonai'y area. 

The importance that the physical properties of the embolus hold is 
strikingly illustrated in the experiments (experiments 16 and 27) m 
which a covering was not placed about the infected piece of tonsillai 
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Experimext 48.— Dog Y37, weighing 18.9 Kg., Kov. 2, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia a segment of the femoral vein 
removed from ¥35 and inoculated witli cultures of pneumococcus type II and 
Staphylococcus aureus, was introduced into the left jugular vein. A roentgenorgam 
of the chest localized the foreign bod 3 ' in the right lower lobe. 

November 5, the lungs appeared normal. 

November 9, some infiltration could be seen about the foreign bod.v. 

November 13, the dog appeared well. The infiltration remained about the same. 

November 19, the infiltration had largely subsided. No cavity formation had 
appeared. It was derided to remove the lobe bj' operation. The removed lobe 
appeared normal. The piece of lead was recovered encased in fibrous tissue. 

Experiment 49. — Dog Y38, weighing 12.1 Kg.. Nov. 11, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia a segment was removed from 
the right femoral vein, inoculated with cultures of Staphylococcus aureus, Bacillus 
colt and pneumococcus type II, and introduced into the left jugular vein. A 
roentgenogram of the chest localized the foreign body in the left lower lobe. 

November 12, beginning infiltration was apparent about the foreign body. 

November 14, infiltration of the left lower lobe was quite marked. Cavitation 
had appeared in the central portiori. The dog appeared slightly ill. 

November 19, quite a marked area of cavitation was present (fig. 37). 

November 24, cavitation was well marked. The foreign body had dropped 
to the bottom of the cavity. 

November 27, the infiltration had subsided and the cavity had decreased consid- 
erably in size. The left lower lobe was removed by operation. In the removed 
lobe an area of induration could be felt near the tip of the lobe. TIic visceral 
pleura was considerably thickened. On section thick indurated lung tissue was 
encountered. A small abscess cavity was still present (fig. 38). Microscopically, a 
section taken through the abscess wall showed the lining of the cavity to be 
composed chief!}' of fibrous tissue. There was considerable cell c.\udation still 
present. 

Experiment 50. — ^Dog Y39, weighing 14.8 Kg., Nov. 11, 1925, was given one- 
fourth grain of morphine. Under ether anesthesia a segment of the femoral vein, 
removed from Y38 and inoculated with cultures of Staphylococcus aureus. Bacillus 
coli and pneumococcus type II, was introduced into the left jugular vein. A 
roentgenogram of the chest localized thp foreign body in the right hover lobe. 

November 13, there was beginning infiltration alK>ut the foreign body in the 
right lower lobe. 

November 16, considerable infiltration was present in the right lower lolie. 

November 21, a well marked cavity could be seen within the area of density. 

November 23, the right lower lobe was removed by operation. The removed 
lobe was considerably increased in .size and an indurated mass could be felt within. 
Section through this mass revealed a large, necrotic walled abscess (fig. 39). 
Microscopically, a section taken through the abscess wall showed a fairly smw»th 
fibrous lined cavity containing necrotic and fibrous tissue. There was a moderate 
degree of diffuse inflammation. 

Experiment 51. — Dog Y40. weighing 17 Kg., Nov. 11, 1925, was given one- 
fourth grain of morphine. Under ether ane.sthcsia a segment of femoral vein 
removed from Y38 and inoculated with cultures of Staphylococcus aureus. Bacillus 
coli and pneumococcus type II, was introducetl into the left jugular vein. A 
roentgenogram of the chest localized the foreign lunly in the rigiit lower lobe. 
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Txi'Avc limy Utfihl Lower Lobe; The surface of the lobe 

;ipi)enrc(I normal. A .section taken in :i plane perpendicular to the bronchus and 
artery revealed the embolus lodRcd in an arterial lumen at a point approximately 
tw(» thirils of the distance from the hilum to the tip of the lobe. The artery lay 
near a larfie hronchu.s. Indnratirm could he felt in the ti.s.sHcs surrounding the 
vc.ssel ami a Jiarrow peripheral zone of hemf>rrhaKic infdtration was visible. The 
eir.hohis and adjoining ihromlms were adherent to the vessel wall. Tlirombosis 
extended disially for a eonsiderahle distance hut there was no infarction. A 
sectiott for microscopic e.\aminaticin wa.s taken throuRh and about the area of the 
emlxdus. Histohigirally, all coats of the arterial wall were densely infdtrated 
with leukocyte.s. The .surroimdiiiK Iuuk tissue also showed considerable leuko- 
cytic infiltration. Xunierous areas of fresh hemorrhage were present. The walls 
of an adjoining hronchus ,s|iowe«l leukocytic infiltration. Some cellular c.\udatc 
was present in the bronchial lumen. 

Eujhtcnx Hour Sprcttiu'u . — Right Lower Lobe; The surface of the lung 
atiiieared normal. Section taken through the lobe in a plane perpendicular to the 
direction <if the bronchus and artery revcalcfl the lead and bits of silk within the 
lumen of the artery at a point ah<»ut midway between the hilum and the tip of the 
lohe. There was gross evideiire of infiltration and edema in a small area sur- 
roumling the point of lodgment of the embolus. Thromlxisis extended disially 
along the lumen of the ve.ssel for a considerable distance. A section for micro- 
scojiic examination was taken through the area in which the embolus was lodged. 
Histologically, the lumen of the artery w;is entirely destroyed. Fibrin, cellular 
exudate and tissue debris filled the former vessel lumen. The vessel's coats were 
<linicult to distinguish because of the dense infiltration with leukocytes. The inflam- 
matory exudate extended far into the surrounding lung tissue. Numerous areas 
of fresh hemorrhage were prc.sent. An adjoining bronchus was included in the 
area of inflammation. Histologically, the picture was already that of a true 
abscess. 

Txvaiiy-Pour Hour Spcciiurn . — Right Lower Lobe: The surface of the lobe 
appeared normal. A section taken through the lobe in a plane perpendicular to the 
axis of the bronchus and artery revealed the piece of lead and bits of silk lying 
within the lumen of the artery about midway between the hilum and the tip of 
the lobe. Definite thickening could be felt in the tissues surrounding this area. 
Gross evidence of infiltration and hemorrhage was more marked. A section for 
microscopic examination was taken through this area. Histologically, bits of silk 
were seen within the arterial lumen together with considerable cellular exudate 
and tissue debris. The walls of the artery were still more difficult to distinguish 
because of the dense infiltration with leukocytes. The adjoining lung tissue was 
the seat of even more marked innammation. 

Thirty-Six Hour Sl>cciuicii.—Lch Lower Lobe: The surface of the lobe 
appeared normal. An area of density could be felt w’ithin lying about midwaj 
between the hilum and the tip of the lobe. A section taken through this area 
traversed the point of lodgment of the embolus. Hemorrhagic infiltration extende 
radially from this cavity, in which the piece of lead was recovered, for a distance 
of about O.S cm. The vessel wall appeared necrotic. Thrombosis extended dista J 
for a considerable distance. Histologically', the arterial wall was almost com 
pletely destroyed. Pus cells and tissue debris occupied the lumen. The abscess 
wall consisted of leukocytes. Leukocytic infiltration and fresh hemornage 
extended into the surrounding lung tissue. An adjoining bronchus showe 
destruction of its epithelial lining and in some parts a considerable portion of its 
entire wall. 
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Experimext 53. — Dog Y51, weighing 8.5 Kg., Jan. 13, 1926, was given one- 
iourth grain of morphine. Under ether anesthesia a segment of right femoral 
vein was removed, inoculated with pneumococcus type I, Slaphylococ(fus aureus. 
Bacillus colt and streptococcus, and introduced into the left jugular, vein. A 
roentgenogram of the chest localized the foreign body in the left lower lobe.- 

January 14 there was beginning infiltration about the foreign body. / 

January 16, the infiltration was more marked. Beginning cavitatfon was 
apparent. 

January 21, the dog showed pronounced dyspnea. He appeared to be quite ill. 
When the chest wall was percussed a hyperresonant note was elicited throughout. 
A roentgenogram of the chest revealed a collapse of the entire left lung with no 
evidence of fluid. The abscess had apparently ruptured into the pleural cavity 
giving rise to a pneumothorax. 

January 23, the dog appeared quite well. Signs of pneumothorax were still 
present. Difficulty was experienced in obtaining good roentgenograms on account 
of the rapid breathing. There was no evidence of fluid. 

January 25, the dog was found dead in his cage. 

Necropsy . — There was a small amount of pleural fluid. The left lower lobe 
was bound firmly to the mediastinum near the hilum of the lung. When air was 
forced into the bronchial tree through the trachea, air could be heard escaping in 
the region of the adhesions in the left lower loin:. The lungs could not be inflated 
with air. The lungs were normal, except for an indurated mass in the left lower 
lobe lying next to the pleural adhesions. Suppurating mediastinal and bronchial 
glands were found. On section the mass was seen to consist of ijiflammatory 
tissue. The abscess cavity had apparently been obliterated from partial rupture 
'into the pleural cavity and mediastinum and the resultant collapse of the lung. 

Experiment 54. — Dog YS2, weighing 6.6 Kg., Jan. 13, 1926, was given one- 
sixth grain of morphine. Under ether atiesthesia a segment of femoral vein, 
removed from Y51 and inoculated with cultures of Staphylococcus aureus, pucu- 
Hwccocus type I, Bacillus coli and streptococcus, was introduced into the left jugu- 
lar vein, A roentgenogram of the chest localized the foreign !>ody in the left 
lower lobe. 

January 16, there was considerable infiltration in the area al>out the foreign 
body. 

January 19, the dog appeared quite ill. 

January 21, the dog was found dead in his cage. 

Necropsy . — Both pleural cavities contained a cloudy hemorrhagic fluid. Numer- 
ous pleural adhesions plasterctl the left lower lobe to the lateral che>t wall. .•\n 
abscess, perforating into the pleural cavity, was found in this lol)e. Odturcs from 
the pus recovered the organisms placed into the embolus. 

Experiment 55. — Dog Y59, weighing 13.6 Kg.. March 18, 1926, was given one- 
fourth grain of morphine. Under procain anesthesia the femoral vein was 
exposed and a portion central to the point of division in tlie lower leg was 
removed. The segment of vein was in<)culatc<l with culture- of Bacillus coli and 
streptococcus and the prepared embolus was injected into the upper p'irtion of 
the femoral vein. The vein was ligated and the wounti closed with <iU: suttires. 
A roentgenogram of the chest localize*! the uweign l>')dy in the left lower lolx-. 

March 19, the animal appeared ill and would not eat. The rectal temper.'iture 
was 40.2 C. A rocntgeinigram of the chest showc<l a large area of circum-cribed 
infiltration about the piece of lead in the left lower lobe with a begiimi!:!,’ central 
area of rarefaction (fig. 401. 
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process. Liquefaction of tissue within the inflammatory focus occurs. 
More and more parenchymatous structures, including bronchial elements, 
arc gradually ah.sorhcd. The abscess increase.s in sixe and an attempt 
to hall the <le.structive forces is made by the production of a .surrounding 
wall of fibrf)us tis.stie. If the infection is overcome, healing takes place 
by scar tissue formation. 'Fhe rapiflity of resolution is dependent on 
the vindenc<* of the (trganisms. whether or not evacuation into a bronchus 
occurs, and <»n the strength of the resi.stivc powers. 


The materi.d flealt with in rmr stufly concerns only the c.xtrabronchial 
f»r ])arenchymat«ius type nf lung abscess, and the histologic evidence 
that a moderately sized bnmehus can be destroyed in the early .stages of 
a true abscess has been pre.<entefl. 'I'his would seem to indicate the 
difVjculty of <letermining from the e.vamination of a chronic lesion 
whether the abscess was originally an extrabronchial or bronchiectatic 
lung abscess. In our (jpinion. the site of the initial infectious process 
cannot be establislu-d hv the sludv of the lesion in a late stage. Histol- 
ogically, tihrotjs tissue lined the ab.scess cavities in the lesions that were 
permitted to enter into a healing stage. It has been .shown ^ that in 
clinical ca.ses bronchial cpithelitim at times lines an ah.sccss cavity, but 
we believe that this proce.s.s of epitbelialization occurs as a later event 
in the lesions which have become chronic and which communicate with 


a bronchus. \Vc arc unable to furnish e.xjierimcntal evidence, however, 
which would demonstrate the possibility of an epithelial proliferation 
from a bronchus into a long standing parenchymatous lung abscess 
bccaii.s'e of our inability to produce a chronic lung abscess experimentally. 


V. GKNKK.AL COMMENT AND CONCLUSIONS 

Pathologically, lung abscess consist of two types, bronchiectatic 
abscess and cxtrahronchial or parenchymatous abscess. The initial 
anatomic positiojj assumed by the infecting organisms determines the 
type that is to follow, 'riius the first type originates within the air 
passages, while the secotid type begins within the parenchymatous tissues. 
Each type is entirely dependent on a separate and distinct mechanism 
by which bacteria arc brought to the initial site for implantation. In 
the parenchymatous abscess this mechanism consists in blood stream 
transmission of bacteria to the lung while in the bronchiectatic abscess 
infection is introduced by way of the air passages. 

An attempt is made to show that the type of lung abscess developing 
as a sequel to operation possesses certain distinctive clinical character 
istics which when correctly interpreted and defined in terms of a 
pathologic process place this lung abscess in the true or parenchymatous 
class, with which no other source of infection than a hematogenous one 
can be associated. 



Fig. 42. — Dog Y59, experiment 55, four days after cmhoHsin; tlicrc is m.irkcd 
consolidation of the left lower lobe. 



Fig Ax — Left lower I'l'e reinnvcd ir.im Y5'<. ♦ \;*vri’r.> 5r, diys 
.liter cinK'li'ni , .i l.irge luvri-fc walU-,1 
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The comparatively early formation of a lung abscess, once lodgment 
of an infected embolus has occurred, and the rapid progress of the 
destructive lesion illustrates why the condition usually produces such 
grave clinical symptoms. 

A reduction in the number of postoperative lung absce.ss cases is 
l)ossible. but the Cf)nflition can j)nibably never be entirely eradicated. 
The best prophylactic measures consi.sl of (1) the prevention of infec- 
tion in the operative field whenever possible; (2) the reduction of opera- 
tive trauma to a minimum, and (3) the avoidance of mass ligation of 
tissues. 
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March 20, the animal continued ill. The rectal temperature was 40 C. A 
roentgenogram of the chest showed a dense clouding of the entire lower half of 
the left lung. The heart was pulled over to the left side (fig. 41). 

March 22, the animal remained ill. The rectal temperature was 40 C. A 
roentgenogram of the chest still showed the same degree of lung consolidation 
(fig. 42). The entire left lung was removed by operation. There were numerous 
pleural adhesions and the lung was removed with difficulty. The removed lobe was 
consolidated and over an area of fluctuation the visceral pleura was markedly 
thickened. When the loljc was sectioned a large necrotic walled abscess was 
found (fig. 43). 

Experi.mext 56. — Dog Y60, weighing 13.8 Kg., March 20, 1926, was given one- 
fourth grain of morphine. Under procaine anesthesia the femoral vein was 



Fig. 46. — Right middle lobe removed from Dog VOO. e.\iKTimcnt .'6, eicht days 
after embolism; a small abscess cavity is present. 


exposed and a portion central to the iwint of division in the lower leg wa*- 
removed. The segment of vein was inoculatetl with cultures of Bucilhis co!i and 
streptococcus and the prcparetl embolus was injected into the upper jurtion of 
the femoral vein. The vein was ligated and the wound closed with silk sutures. A 
roentgenogram of the chest localized the foreign hotly in the left lower lobe. 

March 26, six days had elapsed from the date of injection ln’fore the emlxlus 
localized in the lung. On this date a roentgenogram »)f the chest revealed the 
foreign body in the right middle lobe. Tlierc was already a slight degree of 
infiltration about the jticce of lead. 

March 27. the animal appeared slightly ill but a little ft'od was eaten. A 
roentgenogram of the chest showed a greater area of density iti the right middle 
lobe (fig. 44). A small cavity appeared within the central area of consolidation. 
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C-incrr rclls i-xcitr (IivoinlKtsis ;iiul tlic* llironil)u.s :is it organizes and contracts 
«Icstr(»y.s tiicm. Cancer in lymphatic vessels, as far as I have seen, excites no 
such throinhosis. ;i fact to which Hchniiilt draws attention. Hence, there is no 
dniiht that althotigh carcinoma often attains access tf) the blood almost as early 
as to the lympli, its dissemination takes place almost entirely by the lymphatic and 
not by the blood vessels. 

X 

'rite practically coiislaitt pliy.sifdofjic hyperemia of the hone marrow 
ami the .‘^lowitio of the 1)1 «»(k 1 cttrreiil within the dilated capillaries, with 
the adherence i>f the Inmor cell.s to the emlothelitni?, have been c.vplained^ 
;is favorable factor.^ for the locali7.atioit and j'rf)Wth of embolic tumor 
cells. 


DI.^TItll'.lTIoX .\NH 


ok osskok.s .mktastases from 

^t A M .M AU Y CARCI NO.M A 


Stiidie.s of botie nietastase.s' have been confined to three fields: First, 
fho.se as.sociated with .sjiontaneou.s fractures: second, those found at 
necropsy, atid, third, those observed by roentgen-r.'iy e.vamination. Sta- 
tistics from these are of little value becatise of their incompleteness and 
the ine.xactitude jif the records. Necropsies, which arc the most valuable 

means f(»r such studv, rarelv e.xtend to a critical examination of the 

# • 

osseous .system. L'ntil such structures are universally examined as 
.searchin.i'ly as is now rU)ne with the limj's and liver, for instance, little 
will be known as to facts of o.s.seous metasta.ses. 

Gross.' in 42.3 compiled necropsies, found secondary tumors in the 
brain in forty ca.se.s. or 9.4 per cent; in the pleura in 17S cases, or 42 
per cent ; in the liver in 206 cases, or 4J?.6 per cent, and in the bones in 
eif^hty-seven c.'ises. or 20.5 per cent. Pa^et,* in 650 necropsy records of 
breast cases, found the cranial bonc.s involved thirty-si.x times, the femur 
eighteen times and the humerus ten times. Williams, in forty-four 
necropsies, found the femur affected four times (each once and both 
twice), the humerus twice (each once), the vertebrae, the tibia and ribs 
each once. In 893 compiled necropsies, he reported bone metastases in 
26.5 per cent of the cases. The percentage site-incidence of these metas- 
tases were: cranium, 24; vertebrae, 19.2; ribs. 19.1; femur, 14.5, 
humerus, 9.3; innominate, 6.5; clavicle, 4.2; scapula, 1.2; leg bones, 0.9, 
forearm bones, 0.45, and sternum, 0.45. Direct e.\tcnsion of the primar)' 
tumor to the ribs, sternum, clavicle and upper end of the humerus was 
not included in this series. 


3. Knox, Leila C. : Relation.ship of Mas.sage to Metastasis in Malignant 
Tumors, Ann. Surg. 75:129-142 (Feb.) 1922. 

4. Gross, cited by'’ Mann, M. D. : American Sj'stem of Gynecology, Pb' ^ 
delpliia, Lea Brothers & Co., 1888, vol. 2, p. 297. 

5. Williams, W. R.: The Natural History of Cancer, New York, William 
Wood & Co., 1908, p. 431. 
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tissue constituting the embolus. In each case a rapidly spreading acute 
diffuse inflammation developed ; a suppurative pneumonitis was produced 
followed at a later stage by gross necrosis within the affected lung and 
perforation of the thus formed abscess into the pleural cavity, resulting 
in death. Similar results were obtained in three experiments in which 
an infected clot, inoculated with staphylococcus and Bacillus coli twenty- 
four hours previously, was released into the venous circulation. Two 
of the animals died within forty-eight hours and the third after three 
days. At necropsy a tremendous infection of the pleura and lung was 
found. The pathologic process was chiefly limited to the lobe in which 
the embolus lodged and consisted of an acute diffuse inflammation with- 
out gross evidence of tissue destruction. 

If the embolus, however, is constructed with a covering, sufficient 
time is allowed the lung tissues to set up a jirotcctivc reaction about the 
point of lodgment of the embolus before the bacteria actually penetrate 
the lung parenchyma, A well localized inflammatory focus with a 
peripheral advancing zone of acute inflammation and an increasing 
central area of necrosis is then gradually permitted to form. Clinically, 
the embolus consists chiefly of a septic blood clot and in order to con- 
form as nearly as possible with the artificially prepared embolus used 
in our experiments it must be assumed that the bacteria arc in the 
majority centrally located in a clot that has a somewhat resistant i)criph- 
eral coat. Should an embolus fail to ]X)ssess these certain i)hysical 
properties, a diffuse pneumonitis would be expected such as was pro- 
duced in the animals in which an infected blood clot was released into 
the venous circulation. The production of some degree of local tissue 
immunity made possible by the actual physical make-up of any single 
infected embolus may play a dominant role as to whether lung abscess 
is or is not to result. Or. we may well hyimthecate other methods by 
which this local imnnmily is arou-sed. Thus, in clinical ca-es one could 
easily imagine that the organisms to be later transported in abundance 
in a clot were already being freed in .^mall numbers in the blood stream 
and thereby setting up a general tissue immunity. Or one cctuld well 
imagine that smaller, either sterile or infected clots, jjreceded the major 
missile and thereby establi.died a specific local tissue immunity in the 
field in which the larger clot was Inter to arrive. Certainly, it would 
appear as if some such jiroblem in tissue immunity w.ns involved. 

The fact that abscess occurred in our exj)criinems whether general 
or local anesthesia was used deserves mention. 

IV. PATHOLOGIC .‘^TCDIES OF F.XPF.RIMKNTALLY 
PRODCCF.D LUNG AILSCF.S? 

A pathologic study of lung abscess from the incij*ient to the final 
stages following the perfonnance of a utiifonn procedure .ninied at 
production is obviously desirable. It has been shown that lung ab-ce?s 
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lutiu's escape sitiiply liecausc the patient invariably dies before growth 
has spread along the deep fascia far enongli to rcadi them. 

As the result f»f his work (in caticer of the breast, Handley “ regarded 
hematogenic embolism as jdaying an unimportant part in the formation 
(if metastases. and explained all parietal and most visceral metastascs as 



Fig. 2.— Metastases in occipital, left parietal, vertebral and innominate bones; 
occipital protuberances destroyed. 

being permeations along lymph spaces and fascial planes. Permeation 
plays an important part in the spread of cancer, esjjeciall)? cancer of the 
breast ; embolism, however, can by no means be disregarded and is, in 
fact, the only adequate explanation in some cases as in the one reporte 
here. 
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can be produced by the placement of infected materials into the ver us 
system, and that the lesion is sure to occur with the employment of 
certain types of organisms in the embolus. With such knowledge at our 
disposal, examination of similarly produced lesions at various periods of 
time is possible. 

Method of Collecting Specimens . — In a series of nine experiments 
(table 5), a segment of femoral vein was prepared in the usual manner, 
inoculated with cultures of Staphylococcus aureus, pneumococcus, Bacil- 
lus coli and streptococcus and injected into the jugular vein. Roent- 
genograms of the chest were made immediately after the injection in 
order to determine the position of the embolus. The specimens were 
obtained either by sacrificing the animals or by performing a lobectomy,®® 
and the lesions were examined grossly and microscopically after four, 
eight, twelve, eighteen, twenty-four, thirty-six, forty-eight, seventy-two 
and ninety-six hours. The lung lobe specimen was injected intrabron- 
chially with formalin (10 per cent) and allowed to remain in the solu- 
tion for a few days. The lobe was thus brought to the desired normal 
dimensions present during life. 

DESCRIPTION OF SPECIMENS 

Four Hour Specimen. — Left Lower Lobe: The surface of the lung appeared 
normal. A section taken through the lobe in a plane perpendicular to the main 
bronchus and artery bisecting the embolus showed blood clot formation within the 
lumen of the artery. Distally, no infarction was demonstrable. A section for 
microscopic study was taken transversely through the artery. Histologically, a 
slight degree of hemorrhage could be seen within the arterial wall and a few 
leukocytes infiltrated the muscular coat. The intima of the artery was fairly intact 
throughout. A few leukocytes could be seen in the adjoining lung tissue. The 
picture was that of a beginning inflammation. 

Eight Hour Specimen. — Left Lower Lobe: The surface of the lung appeared 
normal. A section through the lobe in a plane perpendicular to the main bronchus 
and artery, and at a point midway between the hilum and the tip of the lobe, 
bisected the embolus plugging the lumen of the artery. A bronchus lay in close 
proximity. The embolus and surrounding blood clot 'was already quite adherent 
to the vessel wall. The thrombus extended distally for about 2 cm. No infarc- 
tion was demonstrable. A section for microscopic study was taken through the 
central area of thrombosis and bisecting the embolus. Histologically, the vein, 
constituting the outer wall of the embolus, could be seen within the lumen of 
the artery. The intima of the artery was destroyed. There was considerable 
infiltration of the arterial wall. A few cells could be seen in the surrounding lung 
tissue. The cells were chiefly leukocytes. 

92. We were led to consider the possibility of operative removal of an 
abscessed lung because of a desire to preserve the life of the animal. A highly 
satisfactory technic was evolved, the results of which have been published sepa- 
rately (Schlueter, S. A., and Weidlein, I. F.: Surgery of the Lung; Experimen- 
tal Lobectomy and Pneumectomy, Arch. Surg. 13:459 [Oct.] 1926). 
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troublo. I'or \voi4cs slic liatl diniculty in walking, and liad found it necessary to 
dciiend on support. ’I'In- tiay prior to adnii.ssion t«i the hospital, in crossing the 
n*oin .supported hy a chair which .slipped, .she felt .something "crack” in her thigh 
and she fell. 

riiysico! lixnmiiuilinit diul Tmiliiu'iit . — ICxaniitiatiott on admission revealed a 
.recent fracture of tfte left femur, an unhealed fracture of the right humerus, a 
nodular swelling iu the left breast, enlarged left axillary lymph nodes and cystitis. 
The patient was emaciated ;itid covere«l with decubitus tilccrs; she was of poor 
intellect and made irr;itional statements ami answers. The blood Wassermann 
reaction was neg;itive. 'I'he bloo»! counts were: erythrocytes, 4,320,000; hemoglobin, 
S5 j)er cent; leukocytes, 10,7(KI: neutrophils. 70 per cctit; lymphocytes, 15 per cent, 
and transitionals, 15 tier cent. .'\ diagnosis tu generalized tuberculosis with bone 
involvement wa*> made. 

The patient remained in the hospital with her extremity in splints and during 
her stay sufTered continuously with pain. e.<pccially marked about the frontal 
regH>n of the bead, siu’ne, hips ami extremities. M»>rphinc was given regularly 
but with little relief. During October, the left li>wer extremity became swollen, 
and near tin* end of the month the fix»t and leg became gangrenous. On November 
5, the left leg was ainput:ite<l at the middle of the tbi.gb. The part amputated was 
n»u submitted to pathologic examination. The patietit died, Dec. 10, 1925. 

S’l'crnpsy . — The Isidy, th:U of a well developed, but poorly nourished white 
woui.'in of 55 to fiO years of age. had been embalmed, and the palpable tissues 
were fairly linn in consistency. There was a fr.acture of the right arm at the 
junction of the lower and mirldle thirds. IJelow the point of crepitation was an 
elliptical firm growth invidving the shaft of the •bone. There was an angulation 
with the lower fragment being sharply bent Inward. Immediately above the left 
elbow was a fniclure of the left arm. Below the point of crepitation was an 
irregular, hard ma.s.s involving the lower fragment and extending to the elbow. At 
the junction of the upper two fifths with the lower three fifths of the right thigh 
was an accidental pfistmortem fracture. The lower half of the left thigh, leg and 
foot were absent. .At the line of ninpumtion was a recent cllipictal, unhealed 
surgical incision partially closed by sutures. From the edges of the wound 
exuded a thick, yellow foul smelling piis. 

The tissues of the right leg, ankle and foot were edematous. In the posterior 
thoracic region from the sixth to the eleventh vertebrae, inclusive, the skin, subcu- 
taneous tissues and a part of the muscle tissue were necrosed away, and in this 
rcddisb-black area, muscles, ligaments and some of the spinous processes were 
seen. An oval area covering the prominences of the sacrum was involved m a 
similar necrotic process. The skin and tissues of the outer surface of the right 
ankle and side of the foot were necrotic for an area 3.5 by 5 cm. This area j as 
reddish black, and its surface was bathed by a thick, putrid pus. This exudate 
extended between the bones of the foot, covering their articular surfaces. 

Both pleural cavities were largely obliterated by firm white bands of adhesions. 
The lungs had irregular white, opaque, retracted scars at their apexes. Surroun 
ing these were multiple 1 to 2 mm. firm white tubercles. The heart was of norma 
size; its chambers contained soft, loose cruor clots. The aorta, the coronarj, 
splenic, renal and pancreatic arteries were thickened, and contained opaque yellow 
plaques of arteriosclerosis, some of w’hich were calcified. 

The spleen, pancreas, liver, gallbladder, bile ducts, suprarenals and the gastro 
intestinal tract showed no appreciable gross lesions. 

The kidneys were normal in size. In the cortex were multiple bilateral yellmv 
to gray abscesses. The tubules appeared as grayish to j'ellow streaks running to e 
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Forty-Eight Hour Specimen. — Left Lower Lobe: The surface of the lun^ 
appeared normal. A small firm nodule could be felt within. A section taken 
through this area revealed bits of silk and the piece of lead Ijdng within a necrotic 
arterial wall. Hemorrhagic infiltration extended radially for about 0.5 cm. Distal 
to this point, the vessel was not thrombosed. Histologically, a small necrotic 
walled abscess was present. The wall of the abscess consisted of a dense zone of 
leukocytes. The leukocytic infiltration extended for a great distance into the 
surrounding lung tissue. Numerous areas of fresh hemorrhage were present 
throughout. An adjoining bronchial wall was partially destroyed. 

Seventy-Two Hour Specimen. — ^Left Lower Lobe: A small mass could be felt 
within the lobe. The visceral pleura overlying this area was thickened. A section 
taken through the mass passed through a small abscess cavity about 1 cm. in 
diameter containing the piece of lead and bits of silk. Necrotic bits of membran- 
ous tissue, in all probability the remnants of the vein used as the embolus, were 
also present. The walls of the artery going to the lobe could be identified lying 
centrally to the abscess and the vessel on both sides of the abscess cavity was 
thrombosed. On all sides of the abscess there was a zone of hemorrhagic infil- 
tration approximately 1 cm, in width. The portion of the lung distal to the 
abscess was quite firm, even to the tip of the lobe. A section for microscopic 
study was taken through the wall of the abscess. Histologically, the inner wall 
of the abscess consisted of broken down cells and leukocytes densely packed 
together. Extensive acute inflammation existed in the surrounding lung tissue. 

Ninety-Six Hour Specimen. — Right Lower Lobe: The lower half of the lobe 
was quite firmly consolidated and dark red. The visceral pleura was thickened 
and covered with a fibrinous exudate. A section taken through the area of 
consolidation revealed a small abscess cavity from approximately 1 to 2 cm. in 
diameter, containing bits of silk, the lead filing and necrotic remnants of vein 
wall. Thrombosis of the artery extended centrally from the abscess cavity and 
hemorrhagic infiltration was present for a considerable distance about the artery. 
The lung tissue surrounding the abscess was densely consolidated. A section for 
microscopic study was taken through the wall of the abscess. Histologically, the 
section showed a picture similar to the previous one except for a more marked 
and more widespread acute inflammation in the surrounding lung tissue. The walls 
of the bronchus lying near the abscess cavity were completely destroyed. 

SUMMARY 

Histologically, it is apparent that a true abscess is already present 
as early as the eighteenth or twenty-fourth hour after the lodgment of 
the infected embolus, and that the lesion is definitely formed after thirty- 
six hours. In the thirty-six hour specimen, the wall of a small bronchus 
is almost entirely destroyed. The extensive surrounding pneumonitis 
seen in the three and four day specimens simulates the lung infiltration 
of the early stages. The difference is one of degree only. 

The entire pathologic process of embolic lung abscess can be depicted 
as follows : Following the lodgment of an infected embolus in a pul- 
monary artery, thrombosis of the vessel occurs. A cellular exudate 
forms in the vessel wall. The latter is gradually destroyed by bacterial 
action and the adjoining lung tissue becomes involved in the inflammatory 
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was dry, scaly, oiuractcd, devoid of folds and rotiRliciicd; in zones it was free 
from piRincnt, bin in other lutriions it was a dirty, brownish Rr.iy. There we're 
two firm nodules at the lower and inner iiiarRin iif the orRan, one measuring 1 cm 
and the <nber 1.4 cm. in diameter. These were fixed to deeper structures and to 
the smooth, .stretched, bluish .skin that covered them. On section the surface I cm. 
ilistant from the nipple rcvcaUvl a firm. Rmyish-whitc tumor mass fusing witli 
the deeper layers of the skin and extending for a deiith of 3 cm. to involve the 
plant! proper and the muscles posterior t<i the breast. The margins of the growth 
were irregular, and rarliating fr/nn its periphery ini't surrounding structures were 
grayish white crah-Ieg-like jirocess. 

T lie right breast was twice the size of the left, was pendulous and contained no 
palpable nodules. 

.‘\side from the superficial metastases at the margin of the left breast there 
was an elev;itcd. oval, linn, grayish white, immovable, subcutaneous tumor 3 by 2 
cm. lying immediately ;ibove the right zygomatic arch. 

Of the lymphoid tissue, the left axillary, sn|)raclavicnlar and infraclavicular 
nodes as gronjis were enlarged, firm and fixed to surrounding structures. On 
section the surfaces were almo'-t uniformly grayish white with only small islands 
of recognizable lymphoid structure present. The tracheobronchial nodes were 
enlarged and firm hut uniformly black. N'either these nor the mc-scnteric or 
retroperitoneal groups showed tumor metastases. 

flsseous .‘System: The suiu-rior maxilta find an irregular grayish white 
tumor grjiwth involving the nasal process, the orbital surhice, the hicial 
surface and the malar jiroce.ss, from the articulation of the nasal process with the 
frontal hone to the maxillary process of the malar Ikuic, and from the orbital 
.surface downward toward the canine process for l.H cm. In the central portion of 
the growth on the facial surface of the hone was the infra-orbital foramen with 
the infra-orhitnl nerve and artery surrounded by tnmur growth. The growth 
extended to the malar hone and involved its orbital process, and to a slight e.\tcnt 
the articular margin of its maxillary process. 

The other hones of the skull contained tumor metastases with areas of conse- 
(|ucnt hone necrosis as follows : 

In the frontal bone above the right frontal eminence, an oval area, 3.2 by 2.S 
cm., with irregular edges, extended through the skull. 

In the right parietal bone there were three oval areas. The first. l.I cm. m 
diameter, was 3.2 cm. posterior to the frontoparietal suture and 2 cm. to the right of 
the interparietal .suture. Posterior to this almost in a direct line, 2.5 cm. and 6 cm., 
respectively, were the other two, measuring 1.2 cm. and 1.7 cm. each. 

In the left parietal hone, posterior to the parietal prominence and e.xtcnding 
backward to the parietal-occipital suture, was an irregular mothcaten-like area, 
5.2 by 4.4 cm. In portions of this area there was complete necrosis of both tables 
of bone. Around the margin small islands and projections of cancellous bone 
remained. 

In the occipital bone, an area 3.2 by 2.3 cm. involved the entire thickness of the 
skull, centering about the external and internal occipital protuberances. 

The right fourth rib, beginning at a point 9 cm. from its head and extending 
to the costal cartilage, was white like dead bone, and its medulla was filled with 
a firm, white tumor growth. The left second and third and the right third an 
fourth ribs were fractured within 2 cm. of the costochondral line at points where 
there were grayish white tumor, growths ivith bone necrosis. . 

In the vertebral column there was a moderate kyphosis and scoliosis involving 
the junction of the thoracic and lumbar vertebrae. The bodies of the twelfti 
dorsal and the first lumbar vertebrae w'ere almost completely destroyed, allowing a 
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Our belief that postoperative lung abscess results from embolism, a 
mechanism produced by the dislodgment of an infected thrombus from 
the vessels of the operative area, is based on the following facts : 

1. The definitely proved existence of the condition of fatal postopera- 
tive pulmonary embolism. This supposes the possible scattering from 
any wound of single or multiple emboli into the venous circulation. 

2. The frequent development of lung abscess after operations perr 
formed in infected or potentially infected fields. In this class we refer 
particularly to nose and throat operations, especially tonsillectomy, and 
to operations performed on the gastro-intestinal tract. 

3. The high percentage of occurrence after operations performed 
in mobile operative areas. Thrombi are easily dislodged from such 
regions as the pharynx and epigastrium. In operations on the brain in 
which the skull acts as a splint the percentage of postoperative pulmonary 
complications is almost nil. 

4. The not uncommon appearance after operations in which local 
anesthesia is employed. 

5. The failure to prevent postoperative pulmonary complications 
with the constantly improved methods of giving inhalation anesthesia. 

6. The greater frequency of lower lobe involvement. This is 
explained by the greater volume of blood and the more direct course of 
the pulmonary artery to these lobes. 

7 . The often symptom free period following the operation before 
the onset of the complication. If the aspiration mechanism were the 
causative factor, the appearance of the symptoms would be early. 

8. The sudden pain in the chest that frequently constitutes the initial 
symptom and the often severe and stormy associated clinical course 
that follows before rupture and evacuation occur. 

9. The acknowledgment by bronchoscopists that typical lung abscess 
is rare with the lodgment of foreign bodies even deep in the air passages. 

10. The unsuccessful attempts at experimental production in animals 
by the introduction of infected materials by way of the air passages, 
either by transtracheal implantation or by aspiration. 

11. The comparative ease with which lung abscess can be produced 
by the intravenous injection of infected materials, 

A method is described for the production of lung abscess by freeing 
infected emboli into the venous circuit. Success depends on the type of 
organism employed and on the physical property of the embolus. The 
latter will permit the establishment of some degree of local tissue 
immunity so that the lesion remains localized and thereby assists toward 
the prevention of a rapidly spreading acute diffuse inflammation. 
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tilfiRc w.is increase*! in size by an uneven elliptical callus in wliidi there was 
extensive tumor (issue growth. The canal of the upper fraRment of bone was 
filled fiir some flistance by wbite, fairly firm tumor tissue. Near the middle of 
the shaft on the posterior surface was an irrcRular, molheaten area of bone 
necrosis, 1.2 by 1 cm,, with tumor Rrowih fillinp the .space. 

Ihe rii;bt bumcrus, 11 cm, above the articular surface f»f the lower extremitj', 
had a recent fracture with calltjs formation on all .sHrfacc.s, The bone at this 
location was thin, and the ca»»al filled with Rrayi.sb white tumor tissue. The 
lotver frapmt'jjt was tuitlahir, tfticvvn and bent inward with a sharp angulation. 
I here was a previt)Hs fracture -1 cm. beh)W this where the angulation was more 
pronounced, and the callus, c«insisting in j>art of tumor ti.sstic, was excessive. 
Ileginning at the surgical neck «ut the external .surface at the lower extremity of 
the bicipital groove and extending for 5.5 cm, «lownward, and from the inner lip of 
the bicipital gr*iove backward 4,.'? cm., inv*ilving the external .surface, and on to 
the posterior stirface was a tmnor growth with bone necrosis involving three fifllis 
of tiu' bone circumferetice. tir all hut a iKirtion 2 cm, wide, 

'rile pelvic boueN contained multiple tumor growths with corresjiomling areas 
of bone necrosis at the following .site.s: 

At their articulation (he left <»s pubis and left ileum had an area 4.6 by 3.6 
cm., tine fourth of which involved the terminal part of the upper suri,icc of the 
os pubis ; the remaining tiortion extended to the internal iliac fos.sa. hterally from 
the linca ilco jiectinea to the upper rim of the acetabulum. I’n.stcrior to this 4.5 
cm. a 1 cm. area inv«dve«l both .surfaces of the ileum. In front of the posterior 
.superior spinous pniccss ami below the cre.<l on the external .surface, an area 
1.6 by 1.7 cm. and another 4.6 by 2.3 cm, destroyed parts of the posterior superior 
and inferior spinous jiroce.ss. 

'I'bc right iliac bone had along its crest 3,5 cm. posterior to the anterior 
.snperi*»r sfiinons pr*»ce.ss ,*i half moon area with the flat side 4 cm. along the crest 
and the circnlar edge 1.6 cm. *in to the inner surface of the hone. Immediately 
above the jiostcrior superior .spinous process, separated from the crest by a 4 mm. 
rim t»f bone, involving the inner and outer surfaces, nmre markedly the latter, 
cctUcrctl on tlic external table opposite the articulation between (bis bone ami the 
.sacrum was a circular area 4.5 cm, in diameter, and in front of the posterior 
interspinons luitch was another measuring 9 mm. 

On the posterior .surface of the right ischium aii area involved the greater por- 
tion of the inner surface ami one half the cxtcrn,al surface of the bod.v, from 
the upper margin of the bone but not tlamaging the acetabulum, down and on to 
the internal lip of the tuberosity, and invading on the internal surface the first 


1 cm. of the ascending ramus. 

In the right os pubis on the external surface of tlic descending ramus at the 
line of fusion with the ascending ramus was an area 2,6 cm. which invaded the 
bone medulla but not the inner surface. 

The left femur was the site of a recent amputation at the middle of the shaft. 
A recent incomplete fracture of the neck almost separated the head of the bone 
from its shaft. Approximateb' one half of the neck and of the shaft between 
the spiral line and the lesser trochanter had been eroded and replaced by firnii 
grayish-white tumor tissue. The involvement extended from the superior border 
of the neck downward 5 cm. to a point on the anterior surface of the femur 
corresponding to the lower border of the lesser trochanter; transversely at the 
widest place it measured 3.4 cm. A relatively recent transverse fracture of the 
shaft was present 8.5 cm. below the lower border of the lesser trochanter. The 
upper fragment was displaced outward and forward while the lower was out- 
ward, backward and upward. The ends of the bone, which were separated by a 



GENERALIZED OSSEOUS METASTASES SECONDARY 
TO ATROPHIC SCIRRHOUS CARCINOMA OF 
LEFT BREAST* 

M. PINSON NEAL, M.D. 

AND 

DUDLEY A. ROBNETT, M.D. 

COLUMBIA, MO, 

Second only to etiology, the most important phase of the practical 
study of tumors is the determination of the anatomic and biologic factors 
that facilitate or prevent metastases. The cause of cancer is as yet 
unsolved, but we know that the disease, regardless of its site of origin, 
ultimately spreads as metastatic growths throughout the body. The 
metastases may occur late or early, in nearby tissues or in more remote 
organs, and they are the important determining factor in cancer — usually 
bringing about the fatal result. Metastases represent cancer cells that 
have traveled to the point found and are growing as secondary tumors. 
Whether these detached tumor cells find their way by “spontaneous 
movements,” by “permeation” or by “forcible dissemination,” as has 
been stated by various writers, is of no particular importance. 

There are two general routes of tumor cell dissemination, lymphatic 
and blood. In most instances cancer metastases occur by the lymphatic 
route, but there can be no doubt that cancer cells obtain access to the 
blood by invasion of the small veins in the vicinity of the primary tumor 
and even of the secondary growths. Paget ^ stated that cancer cell 
embolism is an impartial process to which all organs are liable. He 
further believed that in cancer of the breast “the bones suffer in a 
special way which cannot be explained by any theory of embolism alone,” 
The observation of cancer metastases in the various organs does not 
show an impartial distribution, or at least evidence of equal involvement 
of all organs on an impartial basis is not found. Some organs are almost 
regularly invaded, others rarely. We must assume that certain organs 
act as friendly ports for the entrance and selective harbors for the growth 
of emboli that lodge in them, while in other organs the lodged emboli 
are destroyed or prevented from growing. Handley - stated : 

* From the Department of Pathologj’, University of Missouri School of 
Medicine. 

1. Paget, Stephens: The Distribution of Secondary Growths in Cancer of 
the Breast, Lancet 1:571, 1889, 

2, Handley, W. S. : Cancer of the Breast, London, John Murray, 1906, pp. 
32, 36 and 37. 
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lesser troclianter was tlie seat nf a fracture accidentally made in removing the 
hotly from the shipping container. At this location the hone was markedly thinned 
for four fifths of the circumference, and on the external surface the posterior 
Imrder and a part of the internal surface had hcen completely destroyed for a 
distance of A cm. ;md replaced hy gniyish-white tumor growth which filled the 
medullary canal. On the pusterior surface nt the neck was an 8 mm. oval area 
of tumor eroding ht»ne. On the anterior surface of the shaft, beginning 5.5 cm. 
above the articular surface of the condyles and extending upward 5 cm. with a 
width of 1.8 cm., the hone was discolored and partially rcsorbed, its surface 
roughened ;md enidetl. On the anterior surface of the shaft immediately above 
the condyles were femr oval areas «»f tumor invasion with partial hone resorption. 

The right fibula ha«l three areas of necrosis: one, globular in shape, 2 cm. in 
diameter, h>rated at the he.'nl anterior to tlie styloid process; a second, 8 mm. in 
«liametvr, on the posterior border. 3.5 cm. above the lower extremity, and a third, 
rt mm. in diameter, on the jKisterior surface of the external mallcoliis. 


During cleaning, the right tibia with its corresivinding fibula, was left on a 
table top, and the tumor growths were largely eaten out hy mice, who left ragged, 
irregular spaces where tumor inv.asion h,nd led to necrosis of the bone. The 
cancellous hone of both its extremities and the shaft contained twenty-one areas 
of tumor metastases associated with Ixme necrosis. These occurred most promi- 
nently as involvements of the internal tuberosity, and of the tipper and lower 
thirds of the shaft. The largest areas were: one, 5.3 hy *1.3 cm., of the internal 
tuberosity; a second. 6 hy 2 cm., on the external surface of the shaft located 6 cm. 
below the articular surface of the external tuberosity, and a third, at the lower 
portion of the shaft, 8.5 cm. iu length, involving the anterior border, the internal 
surface and border, and the posterior surface. The remaining shell of bone, 
attjiroxlmately one-third the normal circumference, contained a recent transverse 
fracture, without separation of fragments, 6.2 cm. above the articular surface of the 
lower extremity, .-Mong the external border and posterior surface of the frag- 
ments was early callus formation. On the external surf.ace of the bone with its 
center crossing the line of fracture was an area of tumor growth, 2 by 1.1 cm., 
with Ixjiie necrosis. The other are,ns were distributed over all borders and surfaces 
of the hone and varied in size from 5 mm. to 2 cm. in diameter. 


The inferior surf.aces of almost the entire right internal cuneiform and the distal 
portion of the right scaphoid were largely rc.sorbcd, and the area was filled with a 
thick, putrid, purulent exudate. This tone necrosis with purulent inflammation 
involved an area 1.2 hy 1.3 hy 2.1 cm. 


The articular surfaces of the long bones were nowhere involved in necrotic 
changes or tumor metastases. At sites of muscle and ligament attachments there 
were no tumor invasions of them or of bone surface from without. The peri- 
osteum was nowhere destroyed. The areas of bone resorption with their corre 
sponding replacements by tumor metastases were in most instances surrounded b> 
zones, a few millimeters in width, where the bone was white like dead bone, but 
remained as a hard, brittle rim between the area of complete bone destruction an 
the surrounding normal bone. 


■ Histologic Examination . — Sections of the primar}' mammary tumor were 
typical of a scirrhous carcinoma. Material from the involved bone areas, growt s 
in the bone medulla, of the right temporal tumor, and of the left axillary, 
supraclavicular and infraclavicular lymph nodes, revealed a scirrhous tumor 
identical with that of the breast. 
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The nearer a bone is to the site of a primary cancer, the greater is its 
liability to secondary involvement. In mammary cancers, the ribs and 
sternum are most frequently involved. The cranial bones, spine, femur 
and. humerus are, in the order given, the next most common seats for 
metastatic growths. It is generally stated that the clavicle is rarelj* 
involved in breast cancers, thus being an exception to the general rule 
of proximity. 



Fig. 1. — Metastatic growth of left superior maxilla involving rim of orbit; 
metastasis with necrosis in frontal bone. 


Carcinoma invades the bones distal to the knee and elbow only in the 
rarest instances. The absence of records of spontaneous fracture in the 
distal bones does not prove that their escape from cancerous invasion is 
real. Invasion may be there, but we fail to search for it ; and the demand 
on these parts is not so severe as on the other bones wliere spontaneous 
fractures are seen. We do not agree with Handley,- who says that these 






LEUKI£^^A— A SARCOMA: BONE EVIDENCE 

UKl’OkT TWO CASKS * 

S^'D^'^:V M. CONI*. M.D. 

ItAl.TIMOItC 

'J he etirdofiy c»f lenkeiiiKt is still uncertain. To me it resembles 
stircoma in a llnid medium. It acts like a malignant growth clinically. 
In the two case.s I rej)ort, the morbid anatomy and histologic j)athology 
indicate it to he of a s:ircomatous nature. Not only do the leukemic 
cells invade soft parts, hut the hone likewise give.s evidence of destructive 
action of cells and fluids. Since the original suggestion of Bizzozero, 
many have thought it might he sarcomatous. 

Osier’ in his I’rinciples and Practice of ^ledicine writes of 
Willcock’s case, “wliere there were growths on the stomach and gastro- 
sidenic ojnentum, leukemic infiltration of the liver, the cells being outside 
the cajiillaries.” Me furthermore states, "Leukemic tumors may occur 
in the kidneys anti liver." "Bizzozero showed these tumor cells to be 
in .active fission." "Occasiouallv the sternum, rilis and flat bones show 
great irregularity and deformity owing to the definite tumor-like 
expansions." 

Scott = writes : 

The lciikcnii<*i.s iii:iy be looked upon as nothing more or less than a fluid tumor, 
in which the constituent cells of the tumor arc being carried throughout the system 
in the blood strc;iin. Seldom is a true focus found. The more embryonic the cell, 
the more malignant the leukemia. 

Simonds “ writing about the Slye stock of mice says: 

Leukemia, pscudolcukcmia and lymphosarcoma in these mice have distinctive 
fe.atures indicating that they arc prolwhly fundamcnlally of the same nature and 
probably belong among the true neoplasms. 

* From the Pathological Labor.ntory of the University of Maryland School of 
Medicine. 

1. Osier, William: Leukemia, The Principles and Practice of Medicine, New 
York, D. Appleton & Co., 1892, p. 696. 

2. Scott, R. E. : Uniform Nomenclature lor Blood Counts, Mil. Surgeon 
53:321 (Oct.) 1923. 

3. Simonds, J. P. : Leukemia, Pscudoleukemia and Allied Conditions in the 
Slye Stock of Mice, J. Cancer Research 9:287-424 (Sept.) 1925; abstr. J. A. M. A. 
86:70 (Jan. 2) 1926. 
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REPORT OF CASE 

History. — ^Mrs, L. W., white, aged 56, a widow, entered St. Mary’s Hospital, 
Jefferson City, Mo., July 27, 1925, for fracture of the left thigh. No family 
history was obtained and the personal history, until the present illness, was unim- 
portant. She had had the usual childhood diseases. The menses had been normal 



pjg. 3. — Calvarium : circular area in midlinc of frontal bone made for injec- 
tion of brain. 


with cessation at the age of 41. She married at the age of 15 and gave birth to 
her only child six years later. There was no history of miscarriages, operations 
or venereal diseases, by name or sj’mptom. 

There was spontaneous fracture of the right humerus, June 22, 1925, as the 
patient jumped out of bed when awakened by a rat between her legs. She landed 
on her feet but did not strike her arm. This arm, carried in splints, gave little 
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Minot and Hnckinan," writinji of Osier- Vasquez disease (poly- 
cythemia). refer to the coincident increase in the manufacture of 
myelocytes and red hloorl cells and .stiK^est that we are dealing with a 
Iluid tumor. 

It has been seen associated with various infections— actinomj'cosis,^^' 
tuhercnlosis (lillerman and Hang), fowl typhoid.'" iiinuenza,” Vincent’s 
angina.*' trauma."* 'fhe roentgen ray has produced as well as cured 
leukemia.’" h'lexner descrihing lymidiosarcoma holds it to be infec- 
tious in origin, although no germs were found, 

Moore.’" .Schmeisser.*" Winternitz and ICllennan find Bang, experi- 
menting with f<»wl leuketnia. have not been able to prove its infectious 
origin. 

'fhere has always been srnne diniculty in distinguishing certain 
inflammatory growths from true tumors, esj)ecially those of a chronic 
nature, in which the t<K\ins are less strong and longer acting. Here, 
the terms tuberculoma, .syphiloma and granuloma arc used. Leukemia, 
pseudfdeukemia, lympliosarcotna. chloroma and mycosis fungoides have 
always been placed in a class together. More recent reports about such 
classification will he seen in studies of Keim," Fraser,’® Simonds,® 
Weber,** Fo.v and Farley *" and I’agniez, Costc and Kavina,” These 
investigators consider them as closely allied tumors. 


11. Minot, Cl. K., and Huckinan, T. K.: Certain A.spccts of Polycythemia, 
Soc. I’roc. Am. A. Phy.-:,. J. A. M. A. 80; 1954 (June 30) 1923. 

12. Uitimcr, T. S.: Intc.'itinal and Hepatic .*\ctinomyco.sis .Associated with 
T.cHkcmia. Tr. A. Am. Phy.s. 11:322, 1896. Welch, W. H.: Papers and Addresses 
1:541, 1920. 

13. Winternitz, M. C, and Schmekscr, H. C; Studies on the Relation of 
Fowl Typhoid to Leukemia of the Fowl, Rep. Johns Hopkins Hosp. 18:24, 1919. 

14. Blaltcis, S. R.: Rep. M. Soc. State of New York, J. A. M. A. 76:1528 
(May 28) 1921. 

15. Packard, M., and Flood, F. P.: PathoRcncsis of Acute Leukemia, Report 
of a Case of Acute Mycloblastic Leukemia with the Association or Complication 
of Vincent's Angina, .Am. J. M. Sc. 160:883 (Dec.) 1920. 

16. Noble, T. 13.: Report of a Case of Chronic Myeloid Leukemia, Indian- 
apolis M. J. 23:422, 1920. 

17. Pagniez, P.; Coste, F., and R.ivina, A.: Myeloid Leukemia and Chloroma, 
Ann. de mcd. 16:381, 1924; Paris letter. Leukemia Following the Use of Radio- 
active Substances, J. A. M. A. 85:1571 (Nov. 14) 1925. 

18. Flexner: Multiple Lymphosarcomata, with a Report of Two Cases, Rep> 

Johns Hopkins Hosp. 5:3, 1893. . 

19. Moore, V.: Infectious Leukemia in Fowls, Ann. Rep. Bureau Anima 
Industries 12:182; 13:205, 1895-1896. 

20. Schmeisser, H. C. : Leukemia of the Fowl — Spontaneous and Expen 
mental. Rep. Johns Hopkins Hosp. 22:551, 1915. 

21. Fox, H., and Farley, D. L.: Relation of Aleukemic Leukemia, So-Cal|ed 
Pseudoleukemia and Malignant Granuloma, Am. J. M. Sc. 3:163 (March) 9 i 
abstr., J. A. M. A. 78:1419 (May 6) 1922. 
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pelves, which w'ere dilated and filled with grayish-yellow pus. The mucosa of the 
urinary bladder was covered by a necrotic, -gumatous, foul smelling, grayish to 
black exudate. The lining, containing multiple petechial hemorrhages, was gray 
to black. 

The ovaries, small and firm, contained multiple white scars. The uterus was" 
small and firm, the canal partially obliterated and the cerv'ix closed by a plug of 
mucus. 



Fig. 4. — ^Areas of tumor invasion with resorption of bone in humeri and left 
clavicle, with fractures of humeri. 

The meninges had adhesions to the inner table of the skull along the superior 
longitudinal sinus. The brain was diffluent. 

The left breast had an atrophic, retracted nipple lacking in pigment, overlying 
an elliptical, dense, firm tumor involving the organ for an area 5.8 by 8.2 cm. 
The atrophic breast, with its contained tumor, was firmly' adherent to the skin 
covering it, to the deeper tissues and to the chest wall. The skin over the breast 
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Marf'aret Ix'wis -" .i^rcw blood cells in 
cpitliclicnd atid j^iant cells resttbed. 

'1‘bere is a .threat deal of evblence from 


culture and macrophages, 
pathologic, material that the 


niiMKiw cells fi>rin a<hilt connective tissue and also connective tissue 
that remains for some reason in its embryonal state and grows exces- 
sively (sarcojna). Hunting.-' Muir ajul (jrawitz refer to such 
emliryonal connective tissue growths in Ixtne in cases of pernicious 
anemia. \ on Kechlinghansen atid l*aget in de.scrihing cases of osteitis 
(leformans write of .sarc«»ma «leveloperl in the hone marrow of some of 
their case>. 


I .see in rih> the cellular proliferation of the marrow resembling 
leulvcmi.’i from l»»ng strmding heart and hloorl vessel disea.ses with 
accompanying chnmic jiassive conge.stion. In .some the cells have devel- 
oped further and formed lihrous tissue. 


now i;xi'i..\i.\’ s,\i{C(».M.\ I’Ko.m .makkow, uonk, kkticl/Lau, 
l-NnoTIlKI.IAf. on OTIIHU .MKSKN'CItV.MAl. CICM-S 

(.'ells under pathobigic conditions do not act just as they normally do. 
'J'he nearest approach to the embryonal act of multiplying and forming 
tissue has been .seen ijt cultures produced In the laboratory. 

Under the stimulus of t<}xic materials in disease, there is seldom a 
perfect balance of stimtdation. depre.sslon or pabulum to the cell. We 
see either too much or too little — not i)erfect physiologic satisfaction. 

One can well .see this in the progressive tissue changes (embryonal 
cell activity) in the healing of an infected woinul. Cells are killed in 
the center of the strife against the poisons while they overgrow further 
away or after the bacteria or lo.xins have been neutralized or filtered 
by the surrounding tissues. We see the dilTerent cfl’cct: on body cells 
by bacteria of the same kind hut of varying degrees of virulence. The 
effect varies with the cell (chemical) resistance. Indeed, there are 
many things that tciul to aid or resist the effect of toxins. 

Pathologists have been striving long to discover what allows the cell, 
stimulated to the point of embryonal activity and appearance (in sarcoma 
and cancer), to remain at this stage of its life history, go no furtier, 
just continue indefinitely, multiplying .as the same kind of cell or ce s. 

27. Lewis, Afargarct RcccI: The Formation ot Macrophages, Epithelioid Cells 
and Giant Cells from Lciikocj'tcs in Incubated Blood, Am. J. Path. I-" 

1925. Lewis, M. R., and Lewis, \V. H.; The Transformation of White iiio 
Cells, 84:798 (March 14) 1925, ..43 

28. Bunting: Reversion of Marrow to Embryonal Type in Pernicious nem > 
Bull, Johns Hopkins Hosp. 36:222, 1905. 

29. Grawitz, Paul: Maligne Osteomyelitis und Sarcomatose Erkrankunge^ 
des Knoeben systems als Befunde bci Fallen von Pcrnicose Anamie, Arch. • P® 
Anat. 76:353, 1879. 
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collapse of the spine at this area with the thoracic section being bent forward at 
an angle of 25 degrees. Areas of tumor growth with bone necrosis were present 
in the anterior portion of the bodies of the third and fourth Itfmbar vertebrae. 

The left clavicle had an area of grayish white -tumor -growth with bone 
destruction involving the acromial end, destroying in a semilunar area one third of 



Fig. 5. — ^Ancient fracture of left femur with excessive callus containing tumor 
tissue, and erosion of surgical neck with incomplete fracture; multiple mctastascs 
in right femur, fibula and tibia, with unseparatcd fracture near lower end of tibia. 

the articular surface and an area 1.5 cm. in diameter internal to the oblique line 
on the under surface, and extending to the deltoid tubercle. The right clavicle, 3.8 
cm. from the acromial end, was the seat of an ancient, healed fracture with scant 
callus formation. 

The left humerus had a recent transverse fracture 4.5 cm. above the articular 
surface of its lower end. The bone of the lower fragment to the articular car- 
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Tlic niychu-ytcs had csrajicd fmni the vessels in the invaded parts and had 
hirined larfje masses. They catised necrosis of tlie tissues involved. There was 
evidence of heniorrhaKes fred hhmd cells and Rranular piRtneiU). In the brain 
and hone the nuclei of s.tme myelocytes c(»nlained karyokinetic fiRurcs. 

I'reslt and decalcified sections of rib and vertebra were stained as in case 2. 
The C(»rte.\ was thinner than normal. The hone was edematous and pigmented, 
with blood in scattered areas of both niatri.\ and marrow. The lamellae were 
swollen and there were clefts between ibein, some containing myelocytes; the 
lacunae were eulargccl; the bone cells were swollen and Renerally well stained. 
Virchow’s territories were numerous. There was evidence of nuclear division in 
the Ikiuc cells at the marRin<< of tlie eancelli and wherever these cells were close 



Fig. 1 (case 1). — Bone destruction by myelocytes; the bone cells arc active. 

to the marrow cavity and haversian canals. Many of the nuclei of the bone cells 
were lobulatcd. times two such nuclei were seen in the same lacuna. Lacunae 
were frequently confluent, c.spccially al the l)ordcrs of the bone where the matrix 
was granular or fibrillar. Where these enlarged lacunae communicate witi t ie 
marrow cavitj’, the bone cells were freed. Those w'ith oval and round nuclei cou 
be readily distinguished from the marrow cells — not so those w’ith lobulatcd nuce. 
There was evidence of vital and lacunar absorption of bone. Small sequestrums 
were seen among the marrow cells. The eancelli were grooved deeplj' b}' masses 
of marrow (the tumor) cells which came in direct contact with them. 

The vital absorption (bj' fluids) was irregular in action; scattered srea 
appeared, the bone salts had disappeared and the matrix appeared granular. 

The marrow was a mass of large cells (15 to 20 mm.) with 
(myelocytes) and a few with single nuclei in which nuclear division ( 'ao 
kinesis) was evident. 
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distance of 6.5 cm., and the intervening space were encompassed 63'^ a hea\'3', 
firm callus consisting in part of tumor growth and spicules of calcified bone. The 
anterior surface of the upper fragment at the lower end was the seat of tumor 
growth and bone resorption, 2.2 cm. wide, for the distal 3 cm. Involving the linea 
aspera, 4.5 cm. below the lower margin of the greater trochanter, was an oval 
6 mm. area of tumor growth and bone necrosis. 



Fig. 6. — Spine showing collapse of twelfth dorsal and first lumbar vertebrae: 
tumor metastases with rarefaction of anterior portion of the bodies of the tliird ajid 
fourth lumbar vertebrae. 


The right femur at the upper portion of the shaft involving the greater 
trochanter had an area of tumor growth with marked bone necrosis on the anterior 
and external surfaces extending from al>ovc downward for 5 cm. and itivolving 
three sevenths of the bone circumference. The cancellous Iwne was complctel.v 
resorbed and replaced b.v a gra.vish-white tumor. The shaft 7.3 cm. below the 






350 


.iRcmrns op surgery 


Casi: 2, — A wliitr nj;iii. .IS, entered llic liospital in December, 1920, and 
in Octiiber, 1*>21 : lie died Oet. 22. 1921. He coinplnincd of swelling of the 
stomach and lo.ss „f strength and weight, referring tlie present illness to a wrench- 
ing of his hack in 191.1. 


'riiere was a mass in the npjier left quadrant of the abdomen extending to 
the right of the midlinc and inifi the pelvis. The inguinal, axillary and post- 
cervical glantls were enlarged. 'I’he fiver dnhiess extended 6 cm. below the costal 
margin. The clinical diagnosis was chnniic myeloid leukemia. 

‘rile Wasserni.'inn reaction was negative. 'I'lie specimens of urine contained 
hliiod and alhnmin. 'I he stool showed occult blood. The red blood cells totaled 
2.8ti(MX10; tin* while hlood cells, 57d,000; hemoglobin, 55 per cent; poly- 
inorplioimcleai ■ . *15.2 jH-r cent : polymorphonuclear basophils, 0.7 per cent; 
polynii'-phomiclear eosiiioidiils. 1 per cent; neutrophilic myelocytes, 40.6 per 
cent; basophilic nioininnclears. 4 per cent: eosinophilic mononuclears, 1 per 
cent; large lymphocytes. 4 jier cent; small lymphocytes, 6.7 per cent; large 
mononuclears, 0.7 jier cent : there were .? megaloblasts, S normoblasts, and a 
diminished hemoglobin content. Moderate anisocytosis was noted; moderate 
jioikilocyjosis ; occasional polychromatophilia, and an increase in platelets; 
myelocytes occurred in various st.ages of develiqiineiit. 


Kadiiim treatment was used. Jan. S. 1021, the iiatient was said to be improved 
and was disch.'irged. 'riie white bloo<l cells totaled 291,700. October 12, the 
Iiatient was readmitted. He had received roentgen-r.ay treatments to his abdomen, 
hut the abdominal swelling increased greatly. He snfTercd from dyspnea, head- 
ache, vertigo and tingling in the hands. 

'riie s[ileen was much Itirgcr, extending 9 cm. to the right to thp umbilicus 
and into the pelvis. 

October 15, the red hlood cells totale<l 2,650,000; the white blood cells, 320,000; 
hemoglobin, 52 per cent; mychicytes, 76.2 per cent: lymphocytes, 2.6 per cent; 
large mononuclears, 0.4 per cent, and polymorphomiclcars, 20.8 per cent. The 
ophthalmoscope revealed neuroretinitis hemorrhagica. There were strabismus 
of the right eye, left wrist drop and aphasia. 

October 20, the patient became irrational and was unconscious for two days. 
October 23 , he died. 

Necropsy revealed chronic myeloid leukemia; myeloid hyperplasia of the bone 
marrow, spleen and lymph glands ; myeloid invasion of the lungs, brain, intestines, 
.stomach, suprarcnals, kidney and bone. 

Specimens of bone from the temporal bone and the femur were examined 
fresh and decalcified. Hematoxylin and eosin, carbol fuchsin, gentian violet, 
polj’chrome methj’Iene blue and picrocarmine were used. The bones were 
edematous and pigmented in spots by old hemorrhages. The matri.x was granular, 
the lamellae having lost the homogeneous linear appearance in the cancelH and the 
cortex nearer the medullar}’ cavity and in the bone bordering the haversian 
canals. Lines of cleavage due to fluid (edema) were marked between the lamellae. 
Plates and rods made conspicuous by vital absorption were evident. Blood pig 
ment in granular form was seen between the lamellae in the granular matrix an 
lacunae. Bone salts taking hematoxylin and fuchsin stains were not homogeneous } 
spread but occurred in islets. Some areas did not stain at all. The borders o 
bone next the canals and marrow cavity were often seen in a fibrillar condition. 
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SUMMARY 

The bone involvements described here were more massive and wide- 
spread than any found in the available literature, and showed rarely 
recorded invasions of some bones, such as the malar, superior maxilla, 
clavicle, tibia, fibula and those of the foot. 

The absence of anatomic evidence of l3'mphatics in the bone marrow 
eliminates the question of lymphatic spread to this tissue. 

Osseous involvements were primaril}' of the bone medulla with 
extension to the cancellous bone and bone surfaces, making it conclusive 
that we here had blood borne metastases. 

At all fracture sites there were attempts at callus formation (exten- 
sive at older fractures) showing slight or no periosteal involvement. 

There was a frank absence of permeation of the fascial lymphatics 
near the invaded bones, of the liver, spleen, lungs, kidneys, suprarenals, 
gastro-intestinal tract, genital organs and the opposite breast. 

Handley’s theory of permeation for bone invasion in cancer of the 
breast is to be rejected in this case, for if such were absolute this 
patient should have been literally permeated from bead to foot. We do 
not agree with his statement that the bones distal to the knee and elbow 
escape simplj’’ because the patient invariably dies before growth has 
spread along the deep fascia far enough to reach them. 

Blood tumor emboli do exist. The more one studies the occurrence 
of bone involvement in cancer of the breast, the stronger becomes the 
conviction that the invasion of distant bones must be by blood stream. 
Blood metastases, which are more frequently seen in cancer of the breast 
than in cancer of other organs, plaj*^ a more important role than has yet 
been assigned to them. 

This case of an unrecognized, untreated, atrophic scirrlious carcinoma 
of the breast reemphasizes the important role of metastases and of 
proper complete examination of patients. The tumor was in e.xistence 
sufficiently long for the occurrence of widespread secondary growths, 
multiple spontaneous fractures with callus formation abundant in tumor 
tissue, and deformities incident to bone resorption without the disease 
being recognized. 

It is unquestionable that if proper search were made, more osseous 
metastases would be found, ^^'^e will remain in partial ignorance of the 
truth on this point until there is universal improvement in necropsy 
sendee. The importance of extending necropsy' examinations to include 
the osseous sj'stem cannot be too forcibh' emphasized. 
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cells were few in mimlier. Here ami there was a ncnlropliilic polymorphonuclear 
leiikneyte. A few piani rnnml cells cimtainiiip two and three round, deeply 
stained nuclei were present. Some cells resembled Kolliker’s osteoclasts.' The 
prc»tni)laMn of the cells sometimes terminated in sharp points or staff shaped 
pn^j'ections hhini at the end. It was coar.sely or finely pranular or homogeneous, 
staining <!eeply with et)sin. The tmclei of the majority of the cells were round; 
many were oval ami hflmlateil. Mo.st of them were actively dividing, karyokinetic 
figures •)cctirrinp. 'I’liere were a number rif capillaries congested with myelocytes 
incorporated in the cell m.T.s in parts of the bone cavity: in other parts no 
capillaries were seen and few red blood cells were evident. It was impossible to 
distinguish red blood cells in tin* capillaries. The vessels in the haversian canals 
were better defined. They were crowded with mych»rytes. 

The temiH>raI bone contained an nmistial number of capillaries congested with 
myelocytes. Kvirlences of id<l hemorrhagic pigmentation were more marked here 
than in the fenmr. 'riiere was transition of good bone with smooth plates to 
reticulated inatri.v, to cellular hone, to masses of cells like those seen in sarcoma 
of the bone. 

This case showe<l the invasive and destructive char.acter of the growth as case 1 
di<I, but the cells varied in size, .shape and character of the nuclei. Many of the 
nuclei were round. 'I’here were few |)olymor|)homicIear leukocytes. It was a 
mixeil cell myelocyioma. 

The splenic ptdji was replaced in great part by these cells, few lymphocytes 
remaining. Xo lymphatic cells remained, nor was a lymphoid structure evident in 
the lymph glands. The gl:ind was replaced by mixed myelocytes. 

The cerebral .substance had hcett hniketi down in areas and replaced by 
masses of the invading myelocytes. The pituitary gland had been almost com- 
pletely destroyed. The vessels of the cerebrum, cerebellum and meninges were 
engorged with the mixed myelocytes (mostly mononuclear). Few red blood cells 
were seen, 'There were areas of pigmentation by old hemorrhage. There were 
hone destruction and metaplasi.-i with a massing of myelocytes of polymorphous 
character. 

In both thc.se casc.s the inyelocytc.s were .';ccn keeping their place m 
blood ve.sscls in an orderly way. But here and there — in the brain, liver, 
inte.stine, spleen, serous membranes and bone — there was a break and 
invasion occurred as in sarcoma elsewhere. The bone demonstrated 
masses of cells of a specific kind in the marrow. Vessel destruction and 
absence of other elements of the marrow were evident. There were 
no other cells (osteoblasts, endosteal or connective tissue cells) lining the 
bone, except in the temporal bone in which some of the spaces were 
lined by a vascular myxomatous tissue. Bone absorption by dirert 
action of the tumor cells was noted, and there was reviving an 
proliferation of the bone cells such as one sees in other sarcomas o 
the bone. 

The excuse for such a wide variance in the views of authors about 
the bone marrow cell growths is due to a lack of unanimity about t e 
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'riic imic<)s;i of tlic urinary bladder is i)rotcctcd from herniation 
thron£,di the bladder wall when the inlracystic pressure is suddenly raised 
by the arranj:emeiit of the three interlacin,tf niusclc la3'crs. The outer 
lonjiitJidin.'d la}-er has lar^ie lf)osely woven bundles, as has the inner 
lonjriludinal l.'iyer: the middle circidar layer has small bundles and is 
much more closely ,w(»ven. In scctirniitij;' bladder walls, it was found that 
fre(juentlv there are left loose Ijbnnts tissue pathwa3's extending entirely 
through the bladder wall when the iutracv'stic pre.ssurc is snddenh' raised, 
bundle interruption to cause them t«» be oblhjue (fig. I ). Such palhww’S, I 
consider to be the necessarv c<mgenital etiologic factor in the formation of 
fliverticula. 'I‘he ac<|uired factor is the intracystic pressure which varies 
according to the strength and irritability of the bladder wall, the 
strength being influence*! chiefly bv any degree of muscular h3’pertrophy 
secondnr3* to an oI)struction. Opinion in late 3'cars distinctly favors a 
combination of corigettital and acquired factors in the pathogenesis of 
these malforinations. Dat' and I\Iartin.’ Minman." Judd,*’' Lower,^ Judd 
and Scholl.*' 'Thomas ” and Vouiig • favor such a combination of factors. 
W'atson studied the vesical cavity in its fetal development and found 
factors which ma3’ be of importance in determining the formation of 
diverticula, nameh*, "invaginations bridging the vesical cavit3^ par- 
licularlv near the lateral margins of the trigone.” 

The point that bcar.s the greatest strain is near the border of the 
trigone. It is here also that matm of the muscle bundles are larger, less 
numerous, and find their attachment, so lessening the elasticity of this 
area. There are more fibrous tissue jjathways in this region. The 

* From tlic Department of SiirRery, W’asfiington University ScJiooJ of Medi- 
cine, and Barnes Hospital. t * A. 
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84:268-272 (Jan. 24) 1925. 

2. Hinman, F. : J. Urol. 111:207-242 (Aug). 1919. 

3. Judd, E. S.; Tr. Am. Snrg. A., 1918, pp. 519-554. 

4. Lower, W. E.: Diverticula of Urinary Bladder, Arch. Surg. 

(July) 1921. ^ . ,„24 

5. Judd, E. S., and Scholl, A. J.c Surg. Gyncc. Obst. 28:14-26 (Jan.) O' 

6. Thomas, G. J.: Surg, Gjmec. Obst. 23:278-384 (Oct.) 1916, 

7. Young, H. H.: Johns Hopkins Hosp. Rep. 13:404, 1906, , 

8. Watson, E. M.: Developmental Basis for Certain Vesical Diverticu , 
J.A.M.A. 75:1473-1474 (Nov, 27) 1920. 
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Again, we are drawn closer to tlie consideration of leukemia with 
the sarcomas when we see the close relationship of its cells to the more 
solid myelomas. Investigators find various kinds of marrow cells consti- 
tuting their reported myelomas. Symmers == says, multiple myelomas 
are neoplasms from myeloblasts, even though myelocytes and eiy’thro- 
blasts are implicated. Wells reports a case of myeloma washed out 
of bone leaving enough structure behind to resemble hemangiosarcoma 
or perivascular endothelioma. The myeloblasts were numerous. How- 
ever, one will note in his case as in some cases of leukemia, that solid 
tumor nodules were found elsewhere in the body (in his case, in the 
pleura). This case makes one think that the m5'eloma differs from 
leukemia, not so much in its cells as in its consistenq^ That mar- 
row cell tumors should differ one from another in the kind of 
marrow cell or mixture of marrow cells comprising the tumor mass is 
no stranger than the same occurrence in sarcoma of soft parts. That 
the consistency (closer or looser organization) of the tumor cells should 
vary in marrow also has its counterpart in sarcomas of connective 
tissues. 

It might be objected that marrow cells are not of the connective tissue 
group, but they are. 

Sabin writes, “Blood is not so sharply separated from connective 
tissue in general. In the embryo the origin of blood from connective 
tissues is widespread. 

Maximow-® says, “The relationship between blood cells atid con- 
nective tissue is so intimate that no distinct line can be drawn between 
them.” 

Carrel grew in vitro connective tissue cells from mononuclear leuko- 
cytes. “The large mononuclears became transformed into cells which 
assumed the appearance of fibroblasts and developed a tendency to tissue 
formation.” 

The cells in Foot’s =« bone marrow cultures closely resembled con- 
nective tissue cells, fat cells and clasmatocytes. 

22. Symmers, Douglas ; The Multiple Myelomata and Their Ability to Metas- 
tasize, Ann. Surg. 67:687 (June) 1918. 

23. Wells, H. G.: The Relation of Multiple Vascular Tumors of Bone to 
Mj'eloma, Arch. Surg, 2:435 (May) 1921. 

24. Sabin, Florence R.: Origin of Cells of the Blood. Physiol. Rev. 2:38 
(Jan.) 1922. 

25. Maximow, A. A.: Relation of Blooil Cells to Connective Tissue and 
Endothelium, Physiol. Rev. 4:533 (Oct.) 1924. 

26. Foot, N. C. : Growih of Chicken Bone Marrow in Vitro and Its Bearing 
on Hematogenesis in .4dult Life. J. Lxper. Med. 17:43. 1913. 
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fmnl formation of the tnouth of a hallooninj? cellule.'’ In 1 the pressure 
was low, in 2 sli};luly raised, showing a dimple, and iji 3 the nnico.sa and 
std)mucosa are herniated throu^,di a fdjrous ti.ssuc pathway, showing 
a typical diverticulum mouth. At this last stage, 3, a cystogram was 



I'lfj. 2. — Cystiiscoptc views tif the successive slaRcs in (he herniation of a 
(Kilionninc ccUnle in a normal youtirs hladder, l)rouRht alxnit f)y pradnally incrcas- 
inj; the intr.aryslir pressure. 



]'igr. 3. — Cro.ss .section will) tljc bladder at rest of a ballooning ccllvtlc or earlj 
diverticulum, sucli as seen in figure 4. 


made (fig. 4) which was diagnosed early diverticulum by the radiologist. 
Cross section of such a ballooning cellule or early diverticulum, though 
somewhat more advanced, is shown in figure 3, in which the sac of 1 
cellule, with the bladder in relaxation, lies betwecji the middle and outer 

9. Rose, D. Ki South. M. J. 19:206-212 (March) 1926. 
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Carrel seems to have found the answer in the fact that the malignant 
cell dies quickly, leaving a toxic liquid behind, but not before causing 
many other cells to multiply. A huge mass of embn'onal cells fonning 
sarcoma are left behind. It is easih' conceivable that this process may 
be simulated or actually produced bj-^ infections. I have referred to the 
various infections associated with the leukemias. The lymphosarcomas 
have likewise been said to be caused by infections.’® Hodglcin’s disease 
and leukemia have both been referred to tuberculosis and syphilis. 

Today there is a tendency to seek for some specific infecting agent 
as the cause of malignant tumors. A reversion to an embrronal type 
of cell is commonly seen in bone as in other tissues when influenced 
by toxins. In several hundred necropsies, I not only see the myelocytes 
multiplying in infections, wood alcohol, carbon monoxide, phosphorus 
and cantharides poisoning but also frequently note great increase in 
normoblasts and bone cell multiplication. There is usually edema with 
enlargement and coalescence of bone lacunae. 

In the chronic cases in which the irritation has been moderate over 
a long period of time, connective tissue formed in the marrow while 
the bone matrix becomes fibrillar or fibrosed. The latter condition is 
best seen in Hodgkin’s disease, pernicious anemia, long standing tuber- 
culosis and syphilis. 

Here, in leukemia, however, we see the embryonal cell development 
but as in sarcoma elsewhere the cell does not complete its full develop- 
ment and form the kind of tissue for which it was intended. 

REPORT OF CASES 

Case 1. — A white man, aged 45, was admitted, April 8. 1925. i :iiplaining of 
cough, bloody urine and fever (102 F.). The onset had been thirtem days before. 

The patient was pale, and there were numerous pctcchiac over Jhe inns, legs a>ul 
body. There were fresh hemorrhages in the outer quadrant of ti.<- right eye; 
dulness and rales at the bases of both lungs. The abdomen was n)i<derately dis- 
tended. The spleen descended 4 cm. below the costal margin ami was rounded 
and firm. The urine contained blood and albumin. There were a few hyaline 
casts. Blood cultures of the heart, spleen and liver were sterile. The re<l blood 
cells totaled 2,900,000; white blood cells, 102,000; hemoglobin, 48 per cent.; mych>- 
cytes, 88 per cent ; small lymphocytes, 5 per cent ; X. myelocyte.-:. 4 per cent, and 
polymorphonuclears, 3 per cent. 

The patient died, April 10, 1923. 

At necropsy the anatomic diagnosis was acute leukemia. There were numer- 
ous petechial hemorrhages over the body, and hemorrhage.s over the vi.-cera, inte.s- 
tine, especially along the serosa of the ileum and colon, the heart, peritoneum ami 
kidneys. There was leukemic invasion of the spleen, stomach. inle.Mines lymph 
glands, kidney, lungs, brain and bone, 

30. Carrel, Alexis: Essential Oiaractcristics of a Malignant Cell, .1. A. M. .-\. 
84:157 (Jan. 17) 1925. 
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Fig. 6. — Cystometric chart in a bladder with early obstruction and hypertrophied 
wall, showing intracystic pressure at which cystogram (fig. 8) was made. 
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The cells were pressed closelj' together, but outlined by polygonal or irregular 
lines of separation. Here and there was seen a prolongation of cell protoplasm, 
giving the appearance of a fine reticulum between the cells. There were some 
normoblasts and a few larger cells (30 mm.) with from four to five deeply 
stained nuclei. In the dense masses of cells, few red blood cells were seen and 
no distinct good capillaries were evident, but one could see a few rows of myelo- 
cytes separated from the main mass by a thin swollen (edematous) capillary wall. 
Some remnants of degenerated vessels containing granular, pigmented, poorly 
stained protoplasm and fragments of nuclei gave evidence of tlie malignant char- 
acter of the surrounding cell mass. There were areas of scattered red blood cells 
and blood pigment. In the haversian canals, which had not been affected by the 
destroying cell action, vessels loaded with myelocytes were clear cut. Where the 
leukemic cells border bone, there was no evidence of connective tissue, reticular 
tissue, vessels or “endosteal” cells. The “tumor” cells tended to arrange them- 
selves in strata, and a fine or scarce reticulum apparently connected with the bone 
found its way between them. Thej* indented the bone, forming irregular rough 
borders and leaving a granular unstained matrix. The lacunar cells (Iwne cells) 
stained well and showed evidence of cell and nuclear division and were in direct 
communication with the spaces produced by the destructive action of the leukemic 
cells, and in many instances appeared to become an integral part of the tumor cell 
mass. 

A careful study of this case demonstrated small hemorrhages with pigmenta- 
tion in all the serous membranes, mucosa of intestine, bladder, e 3 'c-grounds, brain, 
bone, heart, lung, muscle and skin. The blood vessels were engorged with myelo- 
cytes. These mj'elocj'tes were of a poljmorphonuclear variety as a rule, few 
mononuclear or polj'morphonuclear leukocjdes being seen. 

The blood findings showed m)'eloc}'tes ( polymorphonuclcars ) , 88 per cent ; 
small Ij'mphocytes, 5 per cent ; neutrophilic myelocytes. 4 per cent, and polymorpho- 
nuclear leukocytes, 3 per cent. The granules stained bluisli black by Goodpas- 
ture’s stain and blue by Schultz oxidase reaction. 

The bone marrow was made up almost entirely of the large pul'm rphonuclcar 
myelocytes. 

In the lymph glands few 13 ’mphocj'tcs remained. The ma'.s iv. polymorpho- 
nuclear myelocytes. The spleen was made up almost completely oi m elocytcs like 
those seen in the bone marrow. There were few areas of b'mphi'. 1 cells. The 
structure was lost. 

In the liver there were masses of my’clocytes replacing the degenerated liver 
cells in large and small areas. Kary’okinetic figures were seen in some of the 
myelocytes. Where the 3 ' remained within the vessels, there was no destruction of 
liver cells. 

In some areas the brain substance had been replaced by myelocytes infiltrating 
and packing the invaded areas. Kars'okinesis was evident in a few cells. 

In the lungs masses of ra 3 'elocytes outside the vessels invaded the alveolar 
spaces and their walls. 

The stomach, intestines and kidne 3 'S demonstrated invasion by myclohlacts in 
groups outside the vessels. Some of the vessel wall.^ were dcgencratcfl and myelo- 
cytes penetrated them. There was accompanying degeneration of the invaded 
tissue. Bone matrix invasion and destruction with sequestration of necrotic 
fragments were evident. The invading masses of mycloc 3 'lcs were of one 13 pc, 
the nucleus being lobulated. 
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t,M-a(liial IlliiiiK. till? Ijalloonin;,' cellule is niruleralely (listciicled and shows 
its pointer! depetuleiit pf)rlion. which is due to the muscle bundles of the 
outer layer still coveriuir atid compressiu;' this malformation against the 
bladder wall, lu hgure S. the bladder cr)ijtem is 200 cc. }e.ss; the 
inessure. however, is markedly rai.sed atul the halloonitig cellule corre- 
spondingly dilated. 



Fig. 8. — CystoKrani of an carl}* tlivcrticulum with tlic bladder wall in spasm. 


The .size of a diverticulum indicates the length of time a malfomia 
tion has been comjjletely herniated through the bladder wall and su 
jected to a raised iiitrac 3 ’stic pressure before wfcctiou siipovctie , 
the size of its mouth up to a certain point follows the- same i ule. 
orifice after having pushed back muscle bundles in its dilatation becomes 
so fortified that it cannot become larger, but the sacs cease enlarging on ) 
when their walls become fixed and lose their elasticity by the aying 
down of fibrous tissvie. 
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T'in. 10. — Onf n{ ilif fir,*;! in the herniation tlirnt]f;lt tlie bladder wail; tlie 

arrow points to an incomplete rihrons ti.ssne pathway alonp which herniation takes 
place wlien there is a Midden rise of intracystic pre.ssnre. 



Fig. 11. — Different stages of herniation in a bladder with long standing obstruc 
tion and infection. 
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kind of cells with which they were dealing before I900."‘ This con- 
cerns especiall}' the confusion of in 3 'eloma and leukemia. 

In leukemia we are dealing with an activeh* growing cell. In fact 
some of the leukemias are definitely myeloblastic. Cells of like origin 
when in an emhr\'onal state are always difficult to differentiate. I'here- 
fore, it appears that any of the mesench\'ma} cells of bone and marrow 
take part in the formation of the leukemia cells. 

31. Wallgren, Arvid: Ueber die Xatur der Xlyclonizcllen, .Arch. f. path. 
Aiiat. 232:381, 1921. 
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'rhc cdcols of an increased inlracyslic pressure of lonjj duration in 
a bladder with definite pretIisp«Jsition to herniation is shown in figure 11, 
'I'here are lateral dissections niuler both muscle bundles and mucous 
inetnbrane (in upper half); a well formed diverticulum (in middle), 
with its puckered orifice due to the cotitractifm of its mouth, which 
shows flelinitely as thickened muscle bundles, and a small ballooning 
cellule (near the lower margin) with a nmnd well formed mouth but 
with door .still incompletely dissecte<l through the bladder wall. This 
type of specimen is (jbtained by filling a bladder removed at necropsy 
with a 10 per cent solution »»f formaldehyde to the j)oint, both as to 
ijjtracy.stic pressnreaml llnid content, that the/)retically was present when 
it contracted to empty itself in life. 

'I'he last stage in the herniation. «)r the tamipleted diverticulum, is 
shown in cross section in ligttre 12. in which all three muscle layers 
are drawn to a point (.Y). the fibrous tissue .sac e.'ctending on, fastening 
a few stray muscle bundles to itself by its indammatory process. This 
idea agrees with that of llininan,- wl«» in bis analysis of 205 cases 
states that the classification of Mugli.scb " and Kathbun of “true and 
false diverticula," the former showing all coats of the bladder wall and 
the latter otily the mucous membrane, cannot be tnade. The thickness 
of the diverticulum wall is ttndoubiedly due to the inflammatory 
processes, e.xcept in true congenital malformations, such as urachal 
remnants and ureteral buds. 


.SU.M.M.AKY 


1. l^ladder diverticula are congenital to the extent that a loose 
fibrous tissue jiathway must be present through the bladder wall before 
the acquired factor, namely, a raised intracyslic pressure, can herniate 
the mucosa. 


2. The occurrence of diverticula as to age and sex is determined by 
the size of the unprotected areas through the bladder wall, the intra- 
cystic pressure, aiul the variations in the fixation of the trigonal area 
in male and female. In females and children the normal intracystic 
pressure will only herniate the mucosa through a bladder wall defect 
of unusually wide diameter. 

3, Diverticula, so diagnosed by cystogram and cysloscopic examina- 
tion, in apparently normal youths’ bladders, have been produced by 
simply increasing the intracystic pressure sufficiently to force the 
mucosa through an unsuspected loose fibrous tissue area in the wa 


11. Englisch, J. : Arch. f. kh'n. Chir. 73» 1904. 

12. Rathbun, N. P. : Surg. Gynec. Obst. 29:28-32 (July) 1919. 
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combination of the two factors, lessened elasticity and more potential 
openings, favors the formation of diverticula, where clinically thev are 
most often found. The female bladder differs markedly in its attach- 
ment at the trigonal border. Due to the absence of prostatic and 
seminal vesicle fixation, there is less loss of elasticity and consequcntlv 
diverticula are less often found in the female than in the male, even with 
the same apparent degree of obstruction or bladder wall decompensation, 
as measured by the quantity of residual urine. That they do occasionally 
occur is due to an unusually large and lax fibrous tissue i)athway which 
will permit a low intracystic pressure to cause the herniation. 

The lessened elasticity and fixation at the trigonal border can readily 
be shown in a normal youth’s bladder by overfilling it to the point of 



Fig. 1. — X-X’-X'-.V’, loose fibrous tissue patliw.iys tbrouph ihe I Kidfler wall, 
seinidiagraniniatic representation. 


spasm; sharp outstanding muscle bundles bounding open inontlied 
cellules will occur in this region, some surprisingly deep when the >}):i-tn 
is at its greatest. This condition lessens markedly toward the dome attrj 
lateral walls, as the muscle bundles there are more finely divided. When 
an obstruction occurs, the back pressure iticreases. which iloe*- nn\ 
mean that the inlracy.stic itrcssure is constantly raised, hut that :i greater 
intracystic pressure is necessary at the time of emjuying tlte bladder. It 
is raised for longer periods in the early days of its residual urine or 
infection. The effect of a gradually raised ]iressure with tlse congenital 
factor i)rcscnt is shown cystoscopically in figure 2 by th.ree succe-ive 
stages in the herniatioti of the muco.sa oi a youth s bl.iditer .Uid il.t. 
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A iKM usal of the Atnericatt litcrntitre of tltc last ten years on the 
])athf)lot^y of the stoniaoh wotihl iinlicatc tliai gastric syphilis was a 
cotnparatively ctnntnoti conditiott. Matty clitiicians rejtort a series of 
frotn twetity to thirty cases t»f syphilis «)f the stomach and certainly 
give the intpressi<in that itot <inly is gastric syphilis common, but that it 
is also readily recognized cliitically as well as at operation. A few criti- 
cal reiiorts have ittadeqttately dispelled this idea, atid up to the publication 
t)f the splendid review of Martwell ‘ there has hceti no critical analysis 
of the subject or of the reported tlata on syphilis of the stomach. 

(lastric .syj)hilis is not fre(|ucnt and its clinical and histologic recog- 
nition is hy no means simple or easy. .Among the great number of 
gastric lesions seen by us within the last few years, there were three 
cases of peculiar ulceraticnis which by their gross anatomic features 
coidd be dilTerentiated from the simple jieptic ulcer on one hand and 
from ulcerated neojdasm on the other, without diHiculty. These cases 
sugge.sted to us the possibility of a specific lesion, particularly syphilis. 
Certain clinical features seemed to support this conception. However, 
a detailed histologic study compelled us to reconsider our preliminary 
fliagnosis. We report these cases with the ()ue.stinn in mind as to whether 
it is j)ossible to determine the exact nature of such lesions from their 
anatomic and histologic ai)pearance, without the demonstration of the 
cliologic organisms. 

KEPOUT OP CASES 

Case 1. — History. — W. E. P., a married, white man, aRcd 46, was admitted 
to the service of one of ii.s (C. G. H.) complaininp of abdominal distress and 
belching of gas for nine months previous to admission. Seven years before he 
had had trouble with his spine, his extremities being paralyzed for six months , 
this was diagnosed as tuberculosis of the spine. In the hospital the patient sai 
that he now had no venereal infection but said that he had had a chancre fifteen 
years before and had been treated for this condition. Nine months before admission 
he filled up with gas immediately after taking food. Later the gas came on about 
one hour after meals. He had a sense of weight after eating. There was no 

* From the Department of Laboratories and the Department of Surgerj, 
New York Post-Graduate Medical School and Hospital. 

1. Hartwell, J. A.: Ann. Surg. 81:767 (April) 1925. 
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muscle layers. In this figure, it is easy to visualize how with increased 
pressure the cellule would assume exactly the fonn that it docs in the 
cystogram (fig. 4), 

! . Intracyslic pressure has been measured by the use of the cystometer.’*’ 
an instrument which records the pressure and the bladder fiuid content 
simultaneously. Types of pressure infiuencing bladder herniae arc 
shown in figures 5, 6 and 9. in which the abscissas represent cubic 
centimeters of fluid and the ordinates the intracystic pressure in milli- 
meters of mercury. The asterisks mark the j)oints at which, in the 



Fip. — Balloonin}i cellule seen cyssto.ccojiically in .stace .t f>i' lienn 2 : Tl!> 

■'iicck" of tlic malform.ntioii show.*; the thjckne5> of the hknhler w.tll. 


process of gradually filling the bladder, the patient fir-i feel*> a <lf.»ire 
to void, and v in figure 5 the point of involuntary emptying around the 
catheter or cy.stoscoi)e. The hnver curves (marked wiili doi-) .-irr 
formed by tbe contraction of the bltulder wall alone: tlie n])i>er curve- 
(marked with .squares) are formed by .all ]>os;.ible i»irce-' combija-il, i. 
completion of bladder w.all. pressure of abdominal wail, ami by t'r.v 
tlesccnt of the di.ajihragm. In figure 5 (a nonnal enrvi-) tlie ititn.rv'dr 
liressure rises gr.adually to JO mm. of mercury when the bladder 


10. IW. n. K.; Tr. fn'l. A. M. A.. J. A. M. A. 1.-! ’ 
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tracts and empties itself at 45 mm. of mercury with a content of 450 cc. 
of fluid. In figure 6 (representing early bladder wall hypertrophy 
caused by beginning prostate enlargement, with no urinar}* infection), 
as soon as the desire to void is felt, marked with an asterisk on the 
cystometer chart, the hypertrophied bladder wall causes spasm, raising 
the pressure abruptly to 65 mm. of mercuiy' with a content of 250 cc. of 
solution. 



tjauhTt .he 
™>teM (b per cent solution oi sodium S'f ““dder 

j ''E".' 5 the bladder empties and - a‘ .heir limits 

ttacto s,u.m of the Madder u^ll. Figurrj^f,^® 

(%• /) and figure 6 by cj-slogram ffig g '“'f ''X 'y»lo|fmm 

■ b- }. Jn the former, by the 


5/(» 


AKClin-ns O/- SUliCIiRY 


U^’thiiJ the ri-niViii ..t' iln- u la-rat i..ii llii- imicisa and imiscularis mucosae 
appeared ounpli-tely di-stroyal. Tht- gastric wall n.nsistcd licrc of a superficial 
layer oi very cellular uranulatiou tissue lu-ueatli a layer of edematous connective 
tissue. aii«l a inusctilar cnat «in which two layers perpeudicttlar to each other cmiUl be 
distiiii-uisheii. '1 he sU|)crficial layer «»f the sithnuicosa appeared as a j'ranulation 



Fig. 4 (case 1). — Fibrous nodule and miliary gumma; Weigerts clastica 
slain ; X 230. 

tissue heavily infiltrated by lymphocytes, numerous plasma cells, polyniorpboiuiclear 
leukocytes, fibroblasts varying in number in different places and occasionally y 
large mononuclear cells with pale nuclei. The granulation tissue was ' 
newly formed capillaries and small arteries. Within the layer beneath, wuc* 
was composed of a loose arrangement of connective tissue fibrils, there were 
marked edema and an interfibrillar infiltration, with plasma cells in predominan^ 
numbers, occasional polymorphonuclear leukocytes and lymphocytes. Even witnn 
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In neurogenic bladders, the cystoinetric detenninalions demonstrate 
the reason for the infrerjuent occurrence of diverticula found, even when 
there is a large residual urine jiresent due to the neurogenic ohstruciinn. 
The marked difference between figures 6 and 9. the latter a neurogenic 
bladder wall curve in a case of tabes dorsalis, shows that the jircssurc is 
not due to the amount of fluid hut to the strength and contractility of the 
wall, as we would exi)ect. In figure 9, after the first desire to void i,-; 
noted (marked by an .asterisk as 600 cc.). the bladder wall can only raise 
the pressure 15 mm. of mercury. This type of pressure is not sufficient 
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Fif;. 9. — Cy.slmnctric clirirl sliowinp tlir intracv'-tic jiri-'iirr in a i!- ;i’ ■ 
bladder (tabes jlorsalis). 


to cause the muta)sa to herniate, even if a fibrous ti^'-ne 
near the trigon were ])resent. 

Herniation of the mucous membrane throneb the waH 
successive stages by figures 10 atul 3; in the former .a ; 

fold jioints toward the j>athw.ay ihnmgli which a divertivti';! 
form if it were not interfered with by a strong oitter mitMac e 
next stage (fig. 3) shows the continuation of i!’.!- fold in 
through the bkulder wall. It is still withheld front nrr:.'*.;’;: 
bv the inner muscle layer, but the -.ac nov.- lie' bt tween th.e v. 
outer muscle layers. In the .ab-ence •»! infivtio;’. tt < 

so bv dilatation forms .a b.alli>o;iing cellule "r 'm:.'.! dn.trtan’’ 


.a', ii 

'! :: 
'••TUV.! ( ! t 
tat V. 

'i ' 
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.{Ncmriis or svrciiky 


Romtfh’it-luty lixurnimitinu (Dr. \V. II. Mi-yor ). — A ratlicr wide gap of poor, 
irregular liling was seen in tlu* iinnu*<liato prepyloric region. This defect measured 
ahmit 1 inch (2.5 cin.I in length: the canalization was narrow and irregular. The 
hnlhns of the first portion of the dnodetuint was large and irregular. Peristalsis 
was shiggish, llwse peristaltic waves disappearing in the antrum at the point of 



Fig. 5 (case 2).— Kpithclioid cell tubercle originating within a lymph follicle 
of the mucosa in tuberculosis of stomach ; X 200. 

the defective filling mentioned above. Evacuation motility 

sized gastric and duodenal residue at the end of six 

was comparatively normal. . defec- 

The pathologic conditions were those of partial pyjoric or 

live filing was rather suggestive of infiltration; The 

secondary to retroperitoneal or pancreatic involvement was no ^ siniu- 

lesion did not have the characteristics of a priinarj' pyloric ma i 
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ever the intracx-stic pressure is sufficient. Infection will later {rradtinlly 
fix the malformation so that its wall will become pcnnanenlly and cither 
partiall}*^ or entirely without the bladder wall .«;iirfacc. at which time we 
have the true small diverticulum fonnation. and at which time only does 
it become a surgical condition. Before such fixation, removal <tt the 
obstruction alone is indicated. 



Ki>i. 12 , — Fully hiriucil tlivi-niculum willi nv.i'-clt l;i>i:' 
the romaiiiin!; tHvcruculmn sac Ikiur i»i filiro*.;" wc.V. :t! 

nnisclc bundle. 


'J’o explain the lormatinn of divenicn!;! in cF.iidirn, :t : 
sary to con.^ider that the larf,’er the conceintal deftv: ir tl-.t 
the le.ss intr.'icy.stic j>re>'nre i> rojuirc: a?;i; :!.f 'V. ' 
nece.ssary for this normal imr.acy'-tic ]-r\"nrv t" v 
diverticulum mav be ionned. 


t. ♦ 


» . t • 
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.iNciin’ns OP suiiGiuiY 


restless ;m(l weak: the imeitnionia ftrew proKressivcly wcirsc; tltc patient became 
uuire atid nmre exhatisted. and died. Jan. S. 19J5. No necropsy was obtained, 
PiUholomc Hxitiubwliou. — ^'I'lie specimen was a i)iecc of the prepyloric portion 
of the stomach, wliich hat! been <ipetied. It measured 140 f)y 120 mm. in diameter. 
'I'liere was a«iherent ojneiitnm. in wln'ch nnmeroiis (tiands tlic size of a pea were 
found. Near tl»e pyloric end was an nlceratimi of irrepular outline, which con- 



Fig. 7 (case 2).— Focal phlebitis; X ISO. 

sisted of two parts connected bj' a narrow furrow, one part measuring SO bj 
mm. and the other 30 by 20 mm. The margin was in part smooth, part j , low e i 
serpiginous, and it was slightly overlapping. The base of the ulceration, " 
was about 4 mm. deep, was grayish with small areas of granulation tissue, 
submucous coat was considerablj’’ thickened and edematous. The remain er 
the mucosa was smooth and showed hemorrhagic spots. On the serosa cor 
sponding to the areas of the ulcer there was a hemorrhagic area the size o 








. ROSE— BLADDER D1 1 AIR TIC I L. 1 


4. Cystofjframs of diverticula should he made with kumvii quautiiies 
of fluid and known intracystic pressure so that the elasticity of the sac 
can be determined, as potential diverticula ( balloonin.ij cellules) indicate 
only a removal of the bladder obstruction. 

5. This theory of herniation can account for all types of blaflder 
diverticula except ureteral buds and urachal remnants. 
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.INCmriiS Oh' SURCJiRy 


Tin; siibnnicos:i, the iiniscHlaris inucnsac aiul the serosa were infiltrated by 
diffuse pramilatiou tissue and tubercles. 

The base of the ulcer was formed by the submucous: the mucosa and the 
muscularis mucosal were ahseiil. The submucosa was covered by a layer of necrotic 
tissue. The width of the submucosa was much preater than in the vicinity of 
the ulcer; this was hecause of the extensive cellular iurdtration. which was partly 



Fig, 9 (case 2).— Tubercle within a regional lymph node. 


diffuse and partly in the form of tubercles and edema. Here pj,”. 

vascular arrangement of the cellular elements was notice , p asma ce > 
cytes and epithelioid cells being the main constituents. Occasiona y, j 

perivascular infiltrate composed of plasma cells were sma no u es 
entirely of epithelioid cells, with an occasional giant cell of the ang lans , 

The muscularis showed marked edema; diffuse cellular infi tration an 
were prevalent, ■with occasional Langhans’ giant cells. The serous c 
showed tubercles and lymphocytic infiltration. 
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.iitcjuri’S or svRc.niiY 


The niHcntJs tiinnhr.'iito showed nhiiost rirciilar tilccrntian, which consisted 
of several fused ulcers showiiif; scrpicinotis, sliKhtly elevated, red margins. 
Tile base of the ulceration was grax'ish and translucent. At a short distance 
from the circular irregular ulceration was another ulceration, very irregular in 
outline, which was not as deep as the other. The mucous mcmhranc of the 
stomach adjacent to the ulcer appeared thickened. 



Fig. 10 (case 3),— Edge of the ulcer. 


Miscroscopic Examinalioii , — Secretions from numerous parts of the imi tJP ^ 
ulceration revealed an almost identical picture. The mucosa and the muscu 
mucosae were absent. The base of the ulcer was formed by the mar 'C y 
thickened and infiltrated submucosa which was covered by necrotic t^sue, 
invaded by numerous polymorphonuclear leukocytes and eosinophils ; a rj” 
network was observed in this necrotic mass. The superficial layer of the su 
mucosa was densely infiltrated Avith almost exclusively polymorphonuc ear 
leukocytes and eosinophils, with sprouting capillaries and occasional wan ermg 
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Aiicnivns OF surgfry 


docs not justify the assniniition lliul the condition in the stomach is 
necessarily due to the syphilitic infection, nor can the fact that patients 
with a clinical and roentj^cnoloj'ic diagnosis of ulcer of the stomach 
healed under antisyphilitic treatment he taken as establishing a syphilitic 
specificity to the ulcer. 'Ko us it is nece.ssarc to have unequivocal proof 
in <me of three ways to estahli.sh the diagnosis of .syphilis of the .stomach. 
In the order «)f impeutance they may he summarized as follows: (1) 
roentgenol(»gic diagnosis; (2) histopathologic diagnosis, and (.3) the 
hacteri(»logic diagtmsis— the finding tif the spirochete in the tissues of 
the removed segment of stomach. It may he granted that the presence 
of a marked gastric fleformity tm roentgenologic c.xaniination and its 
entire disappearance nnder antisyphilitic treatment must he accepted 
<; priori as evidence that the lesion was .syphilitic. 'I'he deformity, how- 
ever. must he of the nature of a distinctly deforming character, such as 
an hour-glass contracture, and not just the defect in luininaroutline 
that gfies with simple ulcer. 


Many cases diagtiosed as ulcer of the stomach occur in persons who 
have a positive Was.'^entiann reaction, and simultaneously with antisyphil- 
itic treattneni the ulcer undergoes a spontaneous resolution and cure. 
Impmvement in the general jdiysical welfare of the j)aticnt is undoubtedly 
;i factor in the cure of the ulcer, hut the fact that an ulcer rc.sponds to 
treatment for ulcer in a .syphilitic patient does not give us any positive data 
or entitle us to state that the ulceration is of syphilitic character. At the 
mo^t it would be a nonsyphilitic gastric or duorlenal ulcer in a man with 
a chronic syjdiilitic infection. In the histologic pictures of syphilitic 
lesions of the st(»mach we have the most intricate and conii)lex problem. 
The histopathologic changes in tuberculosis and syphilis of the stomach 
are so close and simulate one another so frccjuently that it is only with 
the greatest nicety of judgment that some cases arc placed in one or the 
other category. The final test, and to our Jiiinds, the crux of the situa- 
tion. is the ]>rescnce of the sjn'rochctc in the tissue itself. Ibis must be 
an infrequent occurrence, for in McNce’s case, the only one, we believe, 
reported up to date, after repeated sections he found only one field with 
spirochetes jiresent. We feel, therefore, that a study of the cases 
along the three lines indicated, roentgcnologically and histologically, with 
the attempt to detect the sjjirochctc, is the line of study that should be 
assumed in all cases in which the question of diagnosis of S3'philis of the 
stomach is concerned. It is interesting to note that in case 3 the surgeon 
(C. G. H), with no thought in his mind of syphilis of the stomach, 
noted the widespread abdominal changes and the absence of the left lobe 
of the liver, also the scarring and general pathologic features of the liver, 
criteria sufficient in his mind to suggest a chronic syphilis, but without 
establishing the pathologic identity of the gastric tumor. Again, in 
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the low power magnification a perivascular arrangement of the plasma cells could 
be readilj' recognized. Because of this arrangement, the infiltration appeared to be 
of a nodular type. The center of such nodules occasionallj' showed a proliferation 
of large spindle-shaped cells with pale nuclei. In one of these nodules giant cells 
of the Langhans type were detected. 

The cellular infiltration extended in a more diffuse manner into the muscular 
coat, but even here the nodular arrangement was not entirely missing and generally 
showed the same perivascular grouping around small blood vessels. Within the 
nodules of the muscular coat, however, l 5 'mphocj'tes were predominant, whereas 
the diffuse infiltration was made up cbieHy of plasma cells. 

The conspicuous perivascular type of the cellular infiltration necessitated a 
further detailed study of the medium sized and small blood vessels. The cells 
composing the granulation tissue were not restricted to the perivascular areas. 
They invaded the blood vessel walls, starting from the adventitia and advancing 
to the lumen with simultaneous destruction of elastic coats. In such blood vessels 
the intima was markedly thickened and the lumen narrowed. Numerous veins 
were completel}' obliterated, their lumina filled b.v granulation tissue, with Lang- 
hans’ giant cells. In the sections stained with hematoxylin-eosin such vessels 
resembled tubercles. Their true nature was revealed by application of Weigert’s 
elastic stain. 

Sections from lymph nodes showed enlarged lymph follicles witii large 
germinal centers. 

Impregnation with Levaditi’s silver method did not reveal spirochetes. A 
stain for tubercle bacilli remained negative. 

The diagnosis was sj'philis of the stomach. 

Case 2. — History. — D. G., an unmarried colored man, aged 25, was admitted 
to the medical wards, Dec. 16, 1924, complaining of abdominal distention and 
discomfort after meals for nine months previous to admission. He had vomited 
after meals for one month. In the past there had been slight occasional 
tachycardia and palpitation. Gonorrhea eleven months previous to admission wa.s 
followed by buboes. He said that he had not had syphilis. He had suffered from 
gas in the gastro-intestinal tract and heartburn for the last nine months, and he 
was constipated. His appetite was good. Nine months before admission, the 
patient began to suffer considerable abdominal distress, gas. heartburn, distention 
and belching of gas about fifteen minutes after eating. At first these .symptoms 
following meals occurred only occasionally, but they had recently liccome pro- 
gressively more frequent and intense. The l>elching of gas relieved this distress; 
his appetite was good, but he limited his diet because of fear of distres.s. One month 
before admission he began vomiting at the heiglu of distress. The vomiliis 
consisted of recentlj’ ingested food and at first relieved the distress. Two weeks 
before admission to the hospital it appeared ratiier black, but no l)right red 
blood could be noticed. The bowels were constipated. Twt» weeks before 
admission, he had tarry black stools, lasting for several days. He had lost if) 
pounds (9 Kg.) in weight during the last nine months with a simultaneou.s lo." 
of strength. 

Laboratory E.\'aminations . — The red blood cells totaled 4.162,000; the wliite 
blood cells, 5,050; the hemoglobin content (Sahli), 73 per cent; polymorphonuclear 
leukocytes, 62 per cent. There was a moderate trace of albumin in the urine: 
the sediment showed numerous pus cells. An Ewald meal showed free hydrochloric 
acid 23.6, combined 15.6, total 48.6. Blood in the gastric contents was strongly- 
positive. The blood chemistry was normal. Four Wassermann reactions, one 
provocative, were negative. Tested for blood, the feces were strongly positive. 
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with tlic criteria for clifTcrcnlial diajjiiosis between syphilis and tubercu- 
losis in other ortrans. we stronifly considered the diagnosis of syphilis in 
ease 1 and (jf ttthercitlosis in case 2. We felt, however, that these 
diflerences cannot he accejHed as full cviflence on which an etiologic 
diagnosis can he based. In the absence of detnonstrahle etiologic factors 
(i. e., tubercle bacilli or spirochetes) we had to look for additional clinical 
or anatomic jjroofs to strengthen the morphologic evidence. 

In case 1 , we felt assured of our diagjio.sis of .sypliilis because of the 
history of clnmcre fifteen years previous to operation and the operative 
observation of a hepatic scar which impressed the unbiased surgeon as 
syphilitic. In case 2, however, the diagno.sis of tuberculosis was sustained 
by the absence <if any clinical evidence of syphilis, namely, the negative 
history and the repeated negative Was.sermann reactions. 

In the third case, a diagnosis of syphilis could not be made although 
the gross appearance was highly suspicious and the operative observation 
of liver changes, such as hepatic .scars and the absence of the left liver 
lobe, were suggestive of tertiary syphilis, 'fhe lack of histologic evi- 
dence of a syphilitic granulation tissue as found in the first two cases 
ruled out syphilis or tuberculosis. We feel, however, that this case 
deserves special comment because of its jieculiar macroscopic and inicro- 
scojiic character. 'J'hc most conspicuous feature was the api)carance in 
the gross, hut microscopically al.so it diflered from a simijle peptic ulcer. 
1'he outstanding histologic features were the e.vtensivc infiltration with 
ix)lyinori>honuclear leukocytes,* these leukocytes frequently formed small 
abscesses within a granulation tissue of non.syjdiilitic nature. These 
features are those of a chronic recurrent .sui)purativc inflammation and 
suggested a search for fungi as the possible etiologic agent, but this was 
made with negative results. \\'e were unable to determine the nature of 
the unfamiliar picture since no bacteria were found and the histologic 
character was nonsy]ihilitic. 

The study of these three unusual cases has led us to conclusions which 
primarily were applied only in our own cases. We feel, however, that 
these considerations might hold in other similar cases in which the 
gross appearance is suggestive of a syphilitic gastric lesion. It is 
evident that the macroscopic picture must not prejudice one in favor of a 
diagnosis of syphilis. In the microscopic diagnosis the greater difficulty 
is in the differentiation between sy'philis and tuberculosis. The points 
of difference are not so definite that they can be accepted as absolute 
proof of either one or the other condition. If corroborated by clinical 
and anatomic evidence, however, they do permit a diagnosis one way or 
the other. 
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lated the condition usually observed in sj'philis. Comparative examination after 
administration of atropine confirmed the opinion that there was benign infiltration. 

In spite of four negative Wassermann reactions and a negative history, the 
diagnosis of sj’philis of the stomach was made. 



Fig. 6 (case 2). — Miliary tubercle within a perivascular plasma cell infil 
tratc; X230. 


Course. — ^Thc patient's condition became gradually worse; he vomited often, 
and the symptoms of pyloric obstruction made it necessary to perform ati explora- 
tory operation. This was done by Dr. John F. Frdmann, Jan. 2, 1‘'25. An 
ulcerated, infiltrated pyloric end of the stomach was removed with sub'e<iuent 
Polya anastomosis. The postoperative diagnosis was gastric ulcer with infiltra- 
tion and stenosis. 

On January 5, examination of the chest revealed a double bronchoptieumonia. 
The temperature was 103.6; pulse. 160, and respiration, 60. Tlie ivatient was 








DISL(.K'AT1C)X Ol.’ TJ-1I£ SLCMILUXAR BONE 

Xi:i-ROSPASTIC FIXATION OF Till- HAND: A DKFOKMITY 
CHAKACTKUISTIC OF TUI-: INJL’KY* 


KARL U. McHRIDK, M.D. 

I)KI..MIUMA riTV 

Dislocation of the scinilnnar hone, desiffnated hy sonic as back- 
ward disjilacenieni of the os niaj'nuin. by others as pcriliinar disloca- 
tion ol tile carpus,' and hy still others as subtotal retrohinar suhliixation,'' 
is the third most frequent injury to the wrist hones. It is much more 
rare than Colics’ fracture <ir fracture of the scajihoid, hut its importance 
is second to neither if the iiossihility of .serious permanent disability is 
to he considered. Crave results occur from failure to diaf'iiose the con- 
dition and from neglect to apply jmqier early treatment. 

.•\t jircsent, information in textbooks is meager and indefinite. 
Many coiitrihulions to the literature fail to emphasize fully the serious 
possibilities of jiernianent disability, and surgeons do not consider it as 
an injury of major importance. 

Since the advent of workman’s compensation insurance laws, and 
the. consequent more frequent exposure of unfavorable results, this 
injury c;ui no longer he considered a surgical curiosity. It is more 
coninion than is generally thought, and failure to institute early treat- 
ment can he so disastrous to the hand that every detail of its clinical 
characteristics should he made as common knowledge as that of Colles’ 
fracture and other better known fractures. 

It seems, therefore, that definite conclusions .should be reached in 
regard to the management of the injury as it must he placed in the list 
of injuries that may produce severe loss of function. 

The following eight cases selected from my own records illustrate 
how serious some cases may he and how widely the clinical aspects may 
vary. In the first case to come under my observation, case 1, the marked 
disability and disaijpointing results of treatment aroused my interest m 
the subject. 

Case 1. — ^F. N., a white laborer, aged 36, was admitted to the hospital, Jan. 4, 
1921, stating that ten weeks previous to admission he had injured his wrist whi e 
cranking an automobile. Without making a roentgen-ray examination. I made a 

*Read before the Section on Orthopedic Surgery at tlie . Seventy-Seventh 
Annual Session of the American Medical Association, Dallas, Texas, > 
1926. 

1. Speed: Traumatic Injuries of the Carpus, Philadelphia, D. Appleton 
& Co., 1923. 

2. Mouchet: Presse med. 58:585, 1919; Am. J. Surg. 84: (Aug.) 1920. 
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silver dollar with a central flat nodule which appeared to be connective tissue. 
The glands were grayish and edematous. 

Microscopic E.ratttiiiafioti. — Sections from the wall of the ulcer showed des- 
quamation of the surface epithelium. In parts the pyloric glands were distinte- 
grating. The interglandular areas were infiltrated with a granulation tissue 
composed of numerous plasma cells; many epithelioid cells; polymorphonuclear 



Fig. 8 (case 2). — Focal destruction of the lamina elastica witli indarnritis ; 
X30. 


leukocytes; small round cells; eosinophils; a nnmher of cell'- agereeatrf! in ji-diiJar 
form, composed of lymphocytes, and epithelioid celU, with occasional giant cell' 
in the somewhat rarefied center. Close to the ulcer the nmcosa Middeiily cc.-oetl 
and in .some areas the descent was steep. Other sections, however, show id an 
undermined overlapping muco.sal border, the defect being caii'wi by the ah-eme of 
muscularis mucosae, which in its intact portions from the wall of the ulcer a;i;>*ared 
edematous and infiltrated by similar granulation tissue. 
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diagnosis of Colics’ fracture. The patient said that there had been little immediate 
deformity, some swelling and considerable pain. An attempt was made at reduc- 
tion by pulling on the hand, without giving the patient an anesthetic. A ready 
made anterior aluminum splint was applied, leaving free motion to the fingers, and 
15 degrees of flexion to the wrist. The following day, severe pain continued,’ and 
the hypodermic injection of an analgesic was required. The roentgen-ray report 
was tliat there was no evidence of fracture. Pain of a burning, throbbing nature 
persisted. After tlirce weeks, another roentgenogram was made, and the report \vas 
"forward dislocation of the semilunar bone.” No attempt was made at reduction. 
The patient was advised that open operation would be necessary, but this was 



Fig. 3.— A, appearance after operation: The semilunar 
head of the os magnum appears to be articulating on t ie ra lu . , 

atrophy; the scaphoid appears short because of the rotation and the slight 
of the hand. The space left by the semilunar bone should be noted. 


delayed. On admission, ten weeks after injury, the right hand J. 

in a striking attitude (fig. 1). The wrist was flexed at ^ ^ 
motion. There was a small amount of voluntary movement in pj^jnent, 

slight prominence was noted at the base of the palm * e uc es \ g.,.an,i. 

the skin was adherent; the fingers were held slightly flexed. 

nation showed dislocation of the semilunar bone J _ ,fig. 2). 

dicular position, with the concave surface facing t e pa mar evidence 

There was considerable roughening of the carpal articular surfaces and 
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The blood vessels throughout showed severe changes. All coats of the numer- 
ous arteries as well as the venous channels were pervaded by granulation tissue 
and some of the blood vessels showed destruction of their coats. In such vessels 
the intima showed thickening, the lumen was irregularly narrowed and the con- 
tinuity of the elastic coats was interrupted. However, no complete obliteration 
of the blood vessel lumen was noticed in any of the numerous sections. 

Concerning the lymph nodes, the periglandular fat and connective tissue 
showed several tubercles and also diffuse lymphocytic infiltration. The lymph 
glands proper showed large lymph follicles with large germinal centers and 
several tubercles with Langhans’ giant cells and caseation. 

Guinea-pigs were inoculated and direct cultures and smears made. The 
antiformin method was applied to numerous frozen sections. Levaditi impreg- 
nations for spirochetes were done. All were negative. 

The diagnosis was ulcerative tuberculosis of the stomach. 


Case 3. — History. — P. W., a white woman, aged 37, who had been married 

ten years, was admitted, Feb. 27, 1925. to the service of one of us (C. G. H.). 

complaining of pain in the right upper quadrant of one year's duration. She had 
no children and had had no pregnancies. For the last year the patient had ha<I 
frequent attacks of pain in the right upper quadrant, the last attack occurring on 
the day previous to admission. The pain was sharp at times, dull at others, 
radiating to the back but not to the shoulders: it was accompanied by vonnting 
and relieved after vomiting. The patient vomited three times on the ilay of 
admission. The vomitus consisted of yellowish fluid. The patient had been 
troubled by gas and indigestion which were aggravated by certain foods, 
such as cabbage. The bowels were constipated; the stools were nf>t clay 

colored. There was no jaundice. She had lost 25 pounds (11.3 Kg.) in weiirht 

in one year. The family physician stated that the patient's husband had a 
positive Wassermann reaction and was under treatment at this time. On 
physical e.xamination a tumor was palpable in the epigastrium a little distance 
to the right of the median line. A clinical diagnosis of gastric tumor was 
made and surgical inten-ention advised. 


Report of Operation (Dr. Hcyd). — The liver was enlarged and presente<l 
many stellate scars over its superior surface and particular!} a marked decree 
of inflammatory reaction near the round ligament. .Vpparentl} tlierc was no 
liver substance to the left of the round ligament. On the lesser cjirvature of 
the stomach was a neoplasm 7 cm. in length c.xtcnding over tlie anterior and 
the posterior walls of the stomach, with a large crater that could be palpated 
through the stomach wall. It suggested a chronic infiltrative ulcer, except 
for the fact that there were marked reddening and stippling. Operatioti con- 
sisted of gastric resection and Polya anastomosis. The patient died on the 
third day. Permission for a necropsy was refused. 


Paiholoyic ILvamination . — The .specimen was apparently from the prepyloric 
and pyloric portions of the stomach. .-V considerable ammmt of omentum wa- 
attached on the serous surface, and was bound by bandlike adhe.'-ion*. to the 
surface. Within the fat tissue three lymph nodes were felt, each m< .s-urif.;; 
10 by 5 mm. On section the lymph glands were grayish and soft. The 'tounich 
was opened at a line between the lesser and the grc.ater curvature-. It m-.a-uri ; 
approximately 100 by 100 mm. The wall td the stomach ineastired lU mm. at it- 
widest point. The submucosa was markedly thickened, edem.'itou- .'.ml white. 
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spasm. The patient complained of numbness in the fingers esoeciallv tn : 
prick, and there were no motor disturbances. There was no swelling nf fl" 
hand, but it seemed colder ttan the other and the finger tips were iligbu, bln" 
Tic palm was constantly moist. A deep burning sensation extended from the 
forearm to the fingers There was no atrophy. Roentgen-ray examination showed 
forward rotation of the semilunar bone on transverse axis of about 45 decrees 
No other lesion was present. 

On April 12, an attempt was made at bloodless reduction and under an anes- 
thetic but was unsuccessful. 

On April 19, an open operation ivas performed. The semilunar displacement 
of the os ^nagnum was reduced by means of a blunt probe; the semilunar bone 
was held in proper rotation while pressure was made on the head of the os 
magnum. Manipulation brought. the bones into complete reduction. . Splints were 
applied with the wrist in dorsiflexion and the fingers fully extended. The 
patient expressed a great sense of relief the next day. At the end of ten days, the 
splints were removed daily and physiotherapy treatments were given. Function 
returned rapidly and within two months normal motion was regained, but normal 
strength did not return for about four months. 


A result almost as good as in case 2 was found in one of the same 
type in which the semilunar bone was removed on the tenth day after 
injur}'. 

Case 3. — L. M., a white man, aged 28, had his wrist injured by the backfire 
of an engine. Tlie bone could not be replaced by the closed method and was 
removed on the tenth day after the accident by Dr. C. R. G. Forrester in 
Chicago. I examined him two years later. His complaint was pain after he 
had played several sets of tennis. He said that his wrist felt as though it were 
sprained. The wrist and fingers appeared normal, but he had SO per cent loss 
of dorsiflexion. All other motion seemed free and painless. The roentgeno- 
gram showed absence of the semilunar bone. No arthritis or disturbance of the 
other bones was present. 

In case 4 the bone was not removed until later than in the other cases, 
and the patient was able to return to the occupation of a steel worker. 

Case 4,— G. M., a white man, aged 21, a structural iron worker, five nionths 
previous to admission fell a distance of 20 feet, landing on his outstretche e t 
hand. The diagnosis of a severe sprain was made and a splint was applied. e 
pain was severe, requiring morphine for relief. A roentgen-ray examination wa 
not made. The splints were left on for six weeks ; when they were removed, there 
was no motion in the fingers or wist and the pain was still severe, n uo 
weeks, he could move the fingers slightly. The position of the hand was ; sjg 
flexion at the wrist, the knuckles depressed and the phalangeal joints nexe 
particularly at the terminal joint. All the fingers felt numb, the first an sec 
more than the others. The hand was blue and cold. Dorsiflexion o le ' 
remained painful and limited to a few degrees. ct«.r;nr 

On admission Jan. 9, 1922, the wrist was thickened through the ^ 

diameter. There was marked tenderness in the anatomic snuffbox- and o^e 
region of the semilunar bone. There was no depression on the 
wrist but fulness at the base of the palm. The finger joints were ree y . 

The wrist joint had 5 degrees dorsiflexion and 10 degrees flexiim. tjiunib 

could close the fist only one-third of the normal distance (fig* 9 }• 
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cells and proliferating fibroblasts. Sparse plasma cells were found. Several 
areas of necrosis were seen in this superficial part of the subinucosa. The 
lower part of the submucosa was infiltrated by a heavy granulation tissue. 
However, the individual constituents were separated bj' edema. There were 
no tubercles or gumma formations. There was no perivascular arrangement of 
the infiltrating cells. On^- occasional blood vessels in the submucosa showed 
some infiltration of the wall, which, however, was not marked. Tlie lumen was 
only slightly narrowed and the clastic coat was without changes. The blood 
vessels and capillaries were crowded with numerous polymorphomiclcar 
leukocytes. 

The muscularis was thickened and edematous, invaded by numerous 
eosinophils and polymorphonuclear leukocytes. The l)lood vessels were crowded 
with polj'morphonuclear leukocytes. 

Sections from the wall of the ulcer showed similar changes. Here, however, 
the plasma cells became more numerous. The mucosa was intact, but in 
numerous places there were hemorrhages and e.xtcnsive blood c.\travasatioii at 
the basal layer of the mucosa. The muscularis mucosae and submucosa were 
still thick and edematous, with abundant eosinophils and polymorphonuclear 
leukocytes, and some vessels showed slight perivascular infiltration of a 
moderate e.\tent. This purulent granulation tissue invaded the coats of a few 
blood vessels, with only focal destruction of the clastic lamellae. The mus- 
cularis and subserous coat were thickened, edematous and infiltrated with 
various cells, with a predominance of polymorphonuclear leukocytes. Thi- 
capillaries were crowded with polymorphonuclear leukocytes. 

The Ij'mph nodes showed dilated sinuses with a con.sidcrable ntimber of 
proliferated endothelial cells and lymphocytes. Their architecture was normal. 

Sections from the liver showed slight thickening of the Glissmi's capsule, 
which showed infiltration with leukocytes, lymphocytes and areas of hemor- 
rhage. The periportal fields within the liver tissue were markedly thicki ne<l 
and infiltrated bj' lymphocytes. The liver lobules were quite irn-tiular in their 
appearance, were compressed and lacked a central vein. The fon goini; jiicture 
led only to our diagnosis of a superficial ulcer. Because of the fact ob-i rved 
at operation that the left lobe of the liver was missing, a syj)hiliiic oriein of 
this scar was suggested but not definitely proved. (jHinea-j)ii.' inoculation, 
culture, direct stains and stains of paraffin sections for vanou'; etioloeie 
factors and the Levaditi method gave negative results. 

The diagnosis was chronic purulent progressive ulceration, the ttiolo^’j 
undetermined. 

CO .MM EXT 


Dr. W. H. IMever of the deitartment of roeiiiu'enoloov at the .Votv 
York Posl-Gracliuite ^ledical School anrl Ilo.sju'tal .<taterl that oi aboiti 
18.000 jjastro-intc.stinal roeiitjjen-ray e.xaminatioii.s he could hr >-ttm>i tlir 
roentgenologic diagno.si.s of .syphilis of the stomach in only five 
In the last three years in the combined surgical .services of iJf'. l-.rd:i::inn. 
Peterson and one of us ( C. (1. II.) of the ."'ainc institutioti. om- n;.e;-a- 
tivelv removed material jtermitted us to make a diagno-i- of only '.Itn r 
undoubted ca.ses of .syphilis of the .stomach. Pecatt'c a jiatient 1:'.- a 
positive Wassermann reaction and complains of flistrc" iti the nr-.r!: 
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Ftg. 5 (case 6).-A, appearance before to 

displaced backward, with semilunar an pro ^ fracture of scaphoid 

normal plane of radius; also numerous f ^ appears as if it had 

and styloid of radius; the'diyal f^gmen • ^ outward. The 

forced the styloid off the radius a . . -jcal of incomplete rotation, 

conical appearance of the displaced semi 


Fig. 6 (case 6).-.^, radial ar.!<»lar aspa«s B 

ment of scaphoid as they were remov 
carpal articular aspect of same bone. 
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case 1 the history of a preceding parah'sis and treatment for a sjn'nal 
condition is interesting as antecedent evidence in regard to the syphilitic 
stomach. 

A consideration of the three reported cases necessitates the following 
questions: 1. Was the macroscopic appearance of the ulcerations suf- 
ficiently characteristic to permit an exact diagnosis? 2. What were 
the distinctive microscopic features on which a definite conclusion as to 
the nature of the lesion could he based? The points in common in all 
three cases arc : (1) multiplicity, (2) irregularity of outline. <'3) .diallow- 
ness and (4) thickening of the suhmucosa with edema. Our three cases 
diflfered from each other in some minor features: (o) the nature of the 
margin, steep or overlapping; (6) the extent of the infiltration of the 
suhmucosa beyond the actual ulceration, and (r) the appearance of the 
base of the ulcer. The gross contrast to any of the common gastric 
lesions, such as peptic ulcer or ulcerated carcinoma, suggests f)rimarily a 
diagnosis of s)'philis. 

The macroscopic criteria for syphilitic ulcer of the stomach, which 
could be compiled from a survey of the literature, are in accord with the 
four points mentioned in the first place. However, on microscopic e.vam- 
ination case 3 did not exhibit anything that could let one even suspect a 
syphilitic lesion. Therefore, we came to the conclusion that the macro- 
scopic picture cannot be accepted as sufficiently clear cut to permit even 
a preliminary diagnosis. Here we arc unable to f(*llow .Sparmann.- who 
maintains that the macroscopic picture is more characteristic than the 
microscopic. However, the microscopic features of cases 1 and 2 were 
those of a syi)hilitic granulation tissue. The difficulty of a flilTereiitial 
diagnosis was limited to tuberculosis or syphilis. The outstanding 
features in common in both cases were the diffuse aiifl the uodul.-ir 
infiltration of the submuco.sa, with con.spicuous ])erivascular arrangement 
and blood vessel changes. Aside from these jxiints in common, however, 
both cases differed considerably in certain morjdtologic asi)ect>-. The-e 
were the origin of nodules within the lym]>h follicles in ca^e 2. wherea- 
a similar mode of development could not be demonstrated in case 1 : the 
greater number of circumscribed nodules, l-anghaus’ giant celN ae.ii 
predominance of epithelioid cells in case 2. and the presence of no<ht!i-> 
within the regional glands and jicricapsular tissue in case 2. The -everity 
of the changes in the veins and arteries in case 1. which had proih;c> i: 
comjdete obliteration of the lumen and its rejdacement liy syphilitic 
granulation tissue, was not present in case 2. although ]Kriarierial .-ir.'! 
endarterial and panphlebitic changes of extensive grade wen- not a!"'.:!:. 
On the strength of these morphologic discrejcincies. which ar<- in .arcord 

2. Sparmann, 1).: DviU'-cIk* Ztschr. i. t liir. i hie.i i I'-Jl. 
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hand seemed displaced somewhat backward as a whole at the wrist joint TherP 
was no paralysis, but he complained of numbness of the first and second finirs 
and their tips burned and tingled. There was marked tenderness over the reeioii 
of the wrist joint. ^ 

An operation was performed on April 8. The semilunar bone was' replaced 
and the fracture reduced through an anterior incision.. Roentgen-ray exam- 
ination three days later showed recurrence of the dislocation. On April 21, semi- 
lunar and proximal fragment of the scaphoid were removed by a posterior incision. 
Physiotherapy was begun on May 1. Improvement was slow. The pain was 
greatly relieved immediately- after the operation, but the stiffness was persistent. 



Fig. 7 (case 8). — A, extent of motion after three years; B, prominence at base 
of palm ; C, limitation of extension in wrist and fingers. 

December 9, eight months after operation, he had about 50 per cent use of the 
hand. He could fully close the fingers but had no strength in the grip of tie 
hand. There was about 75 per-cent motion in all directions in the wrist join, 
but adduction was painful. He was -unable to return to his occupation. 

Case 8 presents a still different picture. The injury to the carpal 
bones seems as severe as that in either case 6 or case 7; no operative 
measures were undertaken, yet the end-result was good function. 

Case 8. — ^A white man, aged 30, a dairyman, on Aug. 17, 1919, fell 
landing on his outstretched arms. The next day he had an enormous su 
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SUMMARY 

The three cases of unusual ulceration of the stomach reported were 
etiologically recognized as (n) syphilitic, {b) tuberculous and (c) non- 
specific. 

The conclusion was reached that, in the absence of a demonstrated 
etiologic factor, a correct diagnosis could be made only by the combincfl 
anatomic, histologic and clinical evidence. 
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Fig. 10 (case A).~A, radial articular aspect of semilunar bone, showing rough- 
ening due to firm fibrous attachment of radius; B, smooth carpal articular aspect. 



Fig. 11 (case 6). — ^Appearance three months after the removal of the semilunar 
bone and fragment of the scaphoid, showing the permanent type neurospastic 
fixation attitude: A, extent of ability to extend fingers; B, extent of flexion, an 
C, dorsal view, showing fork prong appearance of fingers and attitude characteristic 
of neurospastic fixation. 



Fig. 1. — Upper part of illustration shows appearance ten weeks after injnry. 
before operation: the thickening of the wrist anti the characteristie fi.ved attitutie 
of the hand should be noted. The lower part of the illustration shows the niipear- 
ance two years after the removal of the semilunar hone, with limitation of motiot; 
in the fingers. 



Fig. 2. — .Vppearance eight week' a 
semilunar hone apjiears thru't etnircly 
plane anterior to the radius and the ul; 
well as rtuatiou of the scaphoid oti it 
fragment upward and hackw.'ird. if. 
anteriorposierior view. 
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At first the fingers are flexed slightly more at the terminal than at 
the middle phalangeal joints, while the knuckle joints are only a bit 
flexed or even fully extended or depressed ; there is a fulness at the base 
of the palm and an increase in anterior-posterior thickness of the wrist, 
which may be mistaken for the deformity of Colies’ fracture; examina- 
tion, however, reveals that this thickness is in the middle of the wrist and 
not about the radius. 

The fingers can be slightly flexed voluntarily, but closing of the fist 
is impossible. It can usually be closed by passive motion; however, 
during the first two weeks voluntary extension of the fingers is impos- 
sible, and an attempt to extend the fingers or to dorsiflex the wrist by 
passive motion is extremely painful. 

In many cases the spasticity remains mild or gradually relaxes, but 
often within two or three weeks the pain and stiffness become extremely 
severe, which gives a definite appearance to the hand. Fixation of the 
original spastic attitude gradually takes place. The hand becomes some- 
what mummy-like in appearance; there is a fixed attitude of slender 
pronglike fingers and a slightly flexed wrist. To grip the hand gives a 
cold, stiff feeling as though one had taken the hand of a cadaver. 
Codman and Chase, in describing one of their cases, say that “the hand 
looks as though it belongs to another person,” The palm is moist, the 
knuckles are prominent, the skin is glossy and firmly adherent to the 
subdermal tissue. The fingers cannot be extended fully by passive force, 
and flexion is limited to a few degrees. ' Manipulation seems more like 
the bending of solid rubbeV fingers than gliding of joints. 

Because of atrophy, the fingers seem slender and are separated at 
their bases, which gives them a fork prong appearance. There is a 
slight prominence at the base of the palm. The thenar eminence is 
somewhat atrophied, and the thumb is held close to the forefinger. 
Atrophy extends up the forearm, rotation being considerably limited. 

The outstanding subjective symptom from the beginning is persistent 
pain of a burning, pressing nature, unrelieved by splints or the position 
of the hand. Other symptoms are general numbness of the fingers and 
palm, and sometimes there is a tingling sensation in the first and secon 
fingers on movement of the wrist. The feeling in the fingers is com 
pared by the patients to that of a hand covered with a glove. 

I believe that this phenomena is a combination of nerve irritation, 
joint tension and bone block. As seen in case 1, it may occur in simp e 
dislocation as well as in that complicated by’’ fracture of the scaphoid. 

PROGNOSIS AND TREATMENT 

Various authors seem to differ widely in their reports. Some 
of a grave prognosis ; others say nothing of serious possibilities, omc 
report cases in w^hich late reduction is satisfactory and describe specia 




Fig. 4 (case 2). — .4, appearance three \veck> after injnry, "h'lwiiu; i^pir.tl 
neurospastic fixation attitude; B, appearance shnwing n>rnial ftincti"!) tiir<t' 
months after open reduction, 

A few months after the first patient was tli'-char^^nl the '■ivti:;.! 
])attent was seen. The results in this case were Mir|»rivin"l\ e*""!- 
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function. When the whole of the fractured scaphoid and semilunar bone were 
removed, the results were reported as excellent, satisfactory, poor and improvement 
ot tne patient. 


Optmotts.— Adams advises : “Removal where limitation of flexion and extension 
would interfere with work.” Magnuson^ says: "Removal gives extremely satis- 
factory results.” Codman^ and Chase: "If one cannot reduce, excise. Best to 
excise proximal half if scaphoid is fractured.” Cohen*: "Removal gives 
good function.” Knapp®: “Excision is last resort and is practically obsolete.” 
Speed advises : Removal if unreduced at one week. If scaphoid is fractured, 
removal of whole bone.” Stern ” : “If one can’t reduce, remove as early as 
possible.” 


LATE REMOVAL OF BONE IN CASES IN WHICH FIXATION AND DEGENERATIVE 
CHANGES ARE MARKED, SIX CASES 

Time After Injury, — The time after injuiy may be from ten weeks to six years. 
Result. — Elimination of pain was mentioned in two cases; otherwise, little or 
no improvement was noted. 

Opinions. — Codman and Chase ^ say that removal is indicated for the relief of 
pain. This does not improve stiffness. Speed ^ says that removal eliminates pain. 


CASES IN WHICH TREATMENT WAS NOT GH'EN 

Results. — In ever}' case a severe permanent loss of function is reported. One 
patient had pain, stiffness and numbness at six years; one could play polo after 
four years, but had 50 per cent limitation of wrist motion. All had pain for many 
months. 

Opinions. — Adams® says; “May leave alone if good flexion or extension and 
if articulation with os magnum head is not displaced.” Codman and Chase : 
“Removal should have been done in each of our cases.” Kleinberg“ states: “Left 
alone because improvement seemed progressing satisfactorily.” 


SUMMARY 

The experience in my own cases and in those recorded in the litera- 
ture leads to the following conclusions : 

A. Simple Dislocation of the Semilunar.- — 1. Reduction can usually 
be accomplished by manipulation within the first three or four clays, and 
complete return of function can be expected. 


3. Adams, J. D.: Displacement of Semilunar Carpal Bone, J. Bone & Joint 
Surg. 7:665-681 (July) 1925. 

4. Codman and Chase: Ann. Surg. 51:863 (March-June) 1905. 

5. Knapp, H. B.; Dislocation of Semilunar Carpal Bone, J. A. M. A. 7»:i 
(Dec. 9) 1922. 

6. Davis : Treatment of Dislocation of Semilunar Carpal Bone, Surg. Gynec. 

Obst. 37:225-229 (Aug.) 1925. ^ .q./, 

7. Magnuson, P. B.: Internal. Clin., Philadelphia 3:124-127, senes 30, IVM 

8. Cohen: Ann. Surg. 73:621 (May) 1921. vr A 75* 

9. Stern, W. G. : Dislocations of the Carpal Semilunar Bone, J. A. Ai. • 

1389 (Nov. 20) 1920. ^ , Pnnes 

10. Kleinberg, S.: Dislocation of Carpal Scaphoid a*nd Semilunar 

J. A. M. A. 74:312 (Jan. 31) 1920. 
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was uiiaffcctofl. The liaiu] was cold aiul blue and tbirc \v;ti- ii > tijiclim;. iv>c:-.;rf 
ray examination showed the semilunar hone rotated forwnr<l on the tran'-vt-r'-e 
about 45 decrees, with the head of the os maenum in a jn-ition m' juldnx:.;; n 
hack of it. There also was fracture «if the po>teriur birder of il-.e radiu'. -.'.hie!; 
limited the flexion and extension of the wrist. The .'^imilun.jr formed an <.\t(n- 
sion of the radius rather than a part of the carjial fjroup. Keduction imp 
-sihlc, because when the semilunar was freed fniin its adlu^ionv it w.iv ii);ir> !_. 
enucleated. It was also impossible to secure sufiicient space for the s'mih:::..: 
hone between the head of os mai!:num and the radiu<-. The day ;tfti : the op. r.,ti n 
the patient said that it was the first time he had been free from ji.iin ‘■inee tl'-' 
injury. A splint was applied with the wrist in 15 decree* extct'ion for to d.ij *; 
then physiotherapy was used. Four wcekv after the operation he bat] 1(( j..r ei::t 
more motion in the wrist and finpcrs than before the operation, .\t thi- le.d oj 
two months, he was aide to close the finpers into the palm, and the wrii-l m .Mini nt 
was about 10 decrees dor.sifletion and 20 decrees jiahnar flexion (flc. Of’.'. Xin-' 
months after operation, the patient returned to hi>« jioMtion a* a s't.l wnrl.ir. 
Me has full strength in his {'I'ip- There is 10 per rent lo** of ilnrsitii xi 'ii, 1 in 
other movements seem normal. 


r ! 


A result as good as that in case 4 was oltititued in ca-e 5. in which 
the bone was reduced after being neglected for three inotiths. 

Cash 5. — H. \V.. a man aced 21, had a heavy weiyht thrown on th> f'p ot 
the fniRcr.s, forcinpr the hand backw,ird. at the same time that the «l!).v, v.o 

caucht and held firmly. lie was treated for a sjirain. and vplinp v.ere appln'! 

for four weeks. The pain was constant and medicine did no! relieve i!. (in 
removal of the splints, the finpers could not be closed and he bad httle m a.i' n in 
the wrist joint. On admission three months after injury, his clflef cimpl.iint v. 
pain and .stiffness. The wrist was thickened anteropostetinrl.i, .ittd tie re v..< ;. 
prominence on the wrist at the base of the jeilm. There ua-. lai l i- • of it- 

but he stated that the middle and fourth fingers felt numb. K’o. n'e. n-r.ij t \.,'ni;- 
tion showcil the semilunar bone rotated forward on it*, axi*. with tie i;e..d tie 

os magnum back of its jiosicrior horn. An open operati'-n w.i* p rfo.'m'.i v, c.'; 

the expectation of removing the Ikiuc. A imlniar inci‘-i>in w.'o me'' ; ;>!!•• tl • 
bone was loosened from its fibrous bed, it became po*'ilile t>> rid ve i 
wound was closed. Koenlgen-ray examination the next <i;i\ 
again dislocated, in its former position. Ten day- later. !hr>'!:;’ii .. li 
the bone was again retluced; this time it was nuiintaiiU'l by ... '!:.i 
hooked in .a notch under the po*ierior horn of the ■•imdim.ir b 
the dorsum of the ratlius. There was con*i<!erable |li!eI;e::!Cv' of ! 
ten days after the oiier.ation. The stiffne*'. decr<a*id r.>pid!\. I-!:: !hr j 
greatly relieved at first. w.is persistent. The p.itimt mviucI .• ; 
waiter three months after the oper.-itii-n Six ne nth- !' ■ 

Contour of the h.iud ami wrist were norm.d. tlwre were 5" p- r c' 

7 ? jier cent pahn.ir flexion and 75 per cun r« t;.ii ai. lotn ; : 
p.iinful. He h.ul .about .^0 per cent ••f n-.im.d “Uenc’.’; ..:.d v ..- *! C 

.Xnidber ttpe tU* case is that in wbiv’b the sc.'-.t-V.";.’, j* 
ptaiguosis luuliT all circtiiusianccs in 'tich tv. so* i* :< r. 

t.*\si {) - l. K. a while m.aii, .a-.a.; .V. .. *trv. •’ a ■- 'i ' 
on ltdy 4, l‘'2l. 't.iime tb.c. *i'. <!..>• p;c\- :* : 
feet, l.iiidine on In* om*!rt:chi I .:rm* .e ’■ n u- *• • 


d !i 
■ .1 :: 
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THE CAUSE OF POSTOPERATIVE RUPTURE OF - 
ABDOMINAL INCISIONS* 

LEONARD FREEMAN, lil.D. 

DENVER 

There are few things more disturbing than the postoperative rupture 
of an abdominal incision. This unusual disaster does not occur for a 
number of days, perhaps a week or more, following an operation; often 
when everything appears to be progressing favorably and the safety 
of the patient seems assured. The subject is frequently mentioned in 
surgical writings, but I am not aware that a satisfactory explanation has 
been given. The usual ways of accounting for the phenomenon are:’ 

1. Giving Way of the Sutures. — ^This may occur by breaking, cut- 
ting through, or too early absorption. This seems likely at first thought; 
but when one remembers the thousands of instances in which all sorts 
of sutures are used in all sorts of ways without trouble, the explanation 
seems inadequate. 

2. Unusual Strains. — ^These may be caused by vomiting, coughing or 
distention. Such strains, however, are always occurring, and yet rupture 
of an incision is rare. 

3. Infection of the Wound. — ^This not only fails to explain the 
numerous instances of rupture without infection, but it also does not take 
into account the cases in which suppuration occurs, perhaps with exten- 
sive sloughing, and yet the wound remains intact, even under great strain. 
Furthermore, suppurating wounds not infrequently are packed with 
gauze, no sutures being used except in the peritoneum, without trouble 
resulting ; and there are even those who do not use gauze at all, leaving 
the external wound wide open — ^in fact, something like this occurs when 
deep suppuration takes place, separating the muscles and fascia and 
leaving only the peritoneum below and the skin above the resulting 
abscess. 

4. Failure of the Healing Process (Predisposition,” Age, Disease, 
Etc.). — This seems to be rather begging the question, because ruptures 
often occur in healthy patients whose healing powers are unquestione , 
and it often occurs in part of the wound while the remainder unites per 
fectly. And again, when a ruptured wound is reunited, healing fre 
quently takes place without difficulty. 

Recently, Weber ^ has attempted a ph 3 ^sicochemical explanation } 
assuming that the underlying cause of rupture is an increase in t e 

* Read in part at a meeting’ of the Western Surgical Association, Dec. 19, 19- 

1. Weber, M.; Zentralbl. i'. chir., Jan. .3, 1926, p. 277. 
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The foregoing hypothesis is supported by various observations: 

1. Ruptures of incisions are more often seen in the central and 
lower part of the abdomen, where the omentum is most in evidence, 
rather than in the extreme upper part of the'^omen, although the 
strain of vomiting and distention is equally great in both situations. 

2. I have always found a tongue of omentum in the ruptured wounds 
which I have seen, and its swollen condition and adhesions indicated that 
prolapse probably occurred immediately following the. operation and not 
at the time of rupture. As other surgeons have told me of similar 
observations, I am convinced that it is a common experience. 

3. There is often evidence that the beginning of a rupture occurs 
quite soon after the operation, such as tumefaction, the leakage of bloody 
serum between the stitches, or the presence of unusual discomfort, with 
nausea, vomiting, distention, and partial or complete intestinal obstruc- 
tion. Such occurrences probably are produced by the incarceration of 
a tongue of omentum, or a portion of bowel, followed by swelling and 
serous exudation. 


4. Every surgeon has observed how the omentum tends to protrude 
through a stab wound of the abdomen, and with what exasperating 
pertinacity it crawls between the stitches in closing a laparotomy incision, 
and one readily can realize how this tendency would be augmented by 
postoperative vomiting and distention ; in fact, I have seen such a protru- 
sion occur from vomiting before the external wound was closed. 

5. The certainty with which ruptured wounds may be reunited, 
although the suturing may be imperfect and the wound edges apparently 
in poor condition for healing. This is due, I believe, to the fact that the 
swollen and internally adherent omentum can no longer enter the wound. 


• If, then, we assume that postoperative ruptures occur from within 
outward, and not from without inward, and that the wedging of the 
omentum through a gap in the peritoneal suture line is an important 
factor, it is evident that the danger can be lessened by greater care in 
closing the peritoneum.* If interrupted sutures are used they should be 
placed very close together. If a running stitch is employed, the spacing 
should be short, it should be pulled tight and frequently back-stitched an ^ 
locked. Ordinary over-and-over sutures are often hastily and loose} 
inserted, sometimes with gaps of as much as half an inch (1.2 cm.) or 
more. Their inadequacy may be demonstrated during an operation n 
passing a finger beneath the partially closed incision, especially ^ 
suture line is relaxed by bending the patient’s thorax forward ^a positio 
that frequently is assumed in bed. 

Although complete ruptures of abdominal incisions are rare, su i 
cutaneous ruptures are not uncommon. By these I mean instances i 
which, although the skin remains united, there is failure of union 
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This, of course, does not mean that hernias may not also be due to other 
causes, such as the sloughing of fascia. 

Recently some experiments on dogs have been conducted for me in 
the department of pathology of the University of Colorado School of 
Medicine by J. W. Jackson and W. C. Black, under the direction of 
Prof. Ralph G. Mills, who will present in a separate article a more 
detailed account of his findings and deductions. Fifteen laparotomies 
were done, the incisions being closed in the usual manner, in layers, with 
chromic catgut throughout. In each instance a tongue of omentum 
was brought into the wound between the muscles, but beneath the united 
fascia. 

In a number of dogs, especially when the amount of omentum was 
large and partly or completely strangulated, there was a failure of union, 
not only of the muscles, but also of the overlying fascia. This was due 
largely to the greatly swollen omentum, but also to the presence of a 
considerable quantity of thick l 3 miphlike fluid, which formed a sort of 
cyst. Owing partly to the presence of this fluid, which I believe to be a 
factor, nonunion and separation of the tissues existed for some distance 
on either side of the omental plug (figs. 1 and 2). 

It also was noticed tliat when strangulation of the omentum occurred, 
infection and suppuration were more likely to result, which increased the 
tendency to separation of the tissues. 

Although no actual wound ruptures occurred in this series of experi- 
ments, the stage was apparently set for such an event, which might easily 
have taken place if the proper strain could have been produced at the 
proper time. It also was quite evident that the conditions often were 
favorable to the subsequent production of ventral hernia from sub- 
cutaneous wound rupture. 

SUMMARY 

As an explanation for the postoperative rupture of abdominal wounds, 
the hypothesis is offered that it often results from an inadequate closure 
of the peritoneum. Between the loose stitches the omentum (or occa- 
sionally the bowel) forces itself, and in swelling acts as an expanding 
wedge which forces the tissues apart and prevents proper union, tlie 
process being aided by serous exudation or, perhaps, suppuration, 
rupture may then be precipitated by the strain of vomiting or distention, 
especially when the fascia is involved. Massive adhesions and many 
postoperative hernias are similarly explained by subcutaneous voun 
rupture, which is much more common than complete rupture. 
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on tlie back of the wrist and a small symmetrical enlargement at the base of the 
palm. The pain was severe and morphine was required to relieve it. The tips of 
the fingers were “drawn” into a flexed position but the knuckle joints were not 
flexed. When an attempt was made to straighten the fingers, the tendons became 
prominent in the palm of the hand. There was slight voluntary motion in the 
fingers, but effort was painful. Roentgen-ray examination was made, but the 
diagnosis was uncertain. The consulting physicians disagreed, some stating that 
the wrist bones were crushed, others that there was a fracture of the scaphoid 
bone. The arm was placed in a splint for three weeks but the pain was. con- 
tinuous and the patient was given hypodermic injections daily for relief. When 
the splints were removed, the hand was greatly stiffened and had slight voluntary 
movement. The fingers were numb, especially the first and second, but there was 
little or no swelling. He treated and massaged his own hand, but after nine 
months he could not grip a lead pencil tight enough to hold it. The pain was 
annoying during all this time, and even at the end of two years the chief complaint 
was pain and weakness. 

On admission, June 1, 1921, roentgen-ray examination showed dislocation of the 
semilunar bone and fracture of scaphoid, with a great amount of calcareous 
atrophy (fig. 8). An open operation and removal of the displaced parts 
was advised but refused. At this time, there were no adhesions in the fingers, 
but grip was weak and the wrist movement was limited to SO per cent of normal. 
There was a large prominence at the base of the palm and a slight bony prom- 
inence on the back of the wrist in the midline (fig. 7). When pressure was made at 
the base of the palm, a tingling sensation was produced in the fingers and forced 
extension at the wrist was painful. The patient made his living dairying and 
was advised to use his hand for milking. On examination, March 1, 1923, prac- 
tically normal function had returned, but the prominence was still present at the 
base of the palm and pressure at this point produced a tingling sensation. 
The wrist was not as strong as normal, and he sometimes dropped things easily. 
Roentgen-ray examination showed the' bones to be in about the same condition 
as on June 1, 1921, except that calcareous atrophy had disappeared in all the bones 
except the scaplioid fragment and the semilunar bone. 

NEUKOSPASTIC FIXATION ATTITUDE 

Each of these eight cases presents a different phase of the subject, 
yet there are many points common to all which may be considered 
characteristic of the injury. 

In the first place, there is a common attitude and appearance of the 
hand, wrist and fingers in all cases. The illustrations accompanying the 
articles in the literature also show the same characteristics. Several 
authors speak of “a slight fork deformity” and others mention a “claw- 
like hand.” In the semilunar cases, however, the surgeon is dealing with 
an attitude based on physiologic disturbances rather than on a deformity 
due to anatomic changes, as in the case of Colles’ fracture. At fitst the 
attitude is of a spastic nature. Within one or two weeks, the attitude 
may become fixed, and as time goes on without treatment, this fixation 
m.ay become more or less permanent stiffness with progressive degen- 
erative changes. For convenience and as a descriptive term, therefore, 

I suggest the attitude be designated as that of “neurospastic fixation” of 
the hand. 
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cases, all bone cells of the compact bone were necrotic, while the cancel- 
lous tissue still showed many living cells. He explains these observations 
by the thickening of the intercellular substance which, with decreasing 
circulation, offers an unsurmountable resistance to the circulation. These 
conditions ai e similar to those in transplanted bone and in compact bone 
tumors ; similar changes may be seen also in certain pathologic conditions. 

Avitaminosis and Healing of Fractures . — Israel has made experi- 
ments in order to study the influence of scorbutus on the healing of frac- 
tures. Substituting carrots in the food of rabbits by citric acid of 
various concentrations, he found a reduction of the formation of callus 
in direct proportion to the dilution, and when citric acid was not given 
no callus was seen. Vitamins were withdrawn at a time when a definite 
amount of callus had already formed ; callus continued to grow at first, 
but during the tenth week, spontaneous fracture took place. This in 
turn healed wdien a diet rich in vitamins was given. Similar delay in 
union of the fractures seems to take place in severe general infection, 
tuberculosis and also in pregnancy. • Bier states that in cases of poor 
union of fractures he gives the patient half a pound of unpeeled carrots, 
orange juice salad and one-eighth pound of honey. He recalls a remark 
of Billroth, that pseudarthrosis generally heals after the patients have 
been removed to their homes, indicating the difference in vitamins in 
hospital and in home diet in Germany. 

BONE, JOINT AND TENDON SURGERY 

Tendon Surgery . — Harmer reports a series of cases of tendon and 
nerve repair. The group includes 112 cases, involving chiefly the hands 
and wrists. The article emphasizes the principle of immediate active 
motion of sutured tendons without splinting. On the day of the opera- 
tion, when sufficiently recovered from the anesthetic, the patient is 
personally instructed in exercises to move each phalanx of each finger. 
He is told to repeat these exercises every hour, and at some time e\er\ 
day he is personally supervised in these movements by the surgeon. T le 
results as shown by photographs are excellent. 

Mayer,^2 speaking of traumatic division of the extensor tendons m 
which primary suture of the tendons is contraindicated because of infec- 
tion or extensive trauma to the adjacent tissues, states that with sinta e 
technic tendon transplantation can be performed successfully at a^ a 
date. The tendon of the extensor communis digitorum of the index 
finger is the one that can be used most easily for transplantation, 
lays much emphasis on the use of a special kind of tendon stitc 

40. Israel, A.: Zentralbl. f. Chir. 53:1414 (May 29) 1926. 

41. Harmer, T. W.: Boston M. & S. J. 194:739 (April 22) 1926. 

42. Mayer, Leo: J. Bone & Joint. Surg. 8:383 (April) 1926. 
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instruments for accomplishment of the operation, yet others assert that 
late reduction is not rational because of traumatic arthritis and absorp- 
tion of bone structure, due to nutritional disturbances. 

One reason for such a divergence of opinion on the part of those 
who have reported cases is no doubt that the clinical characteristics vary 
a great deal in respect to the severity of nerve and joint complications; 
another is that only a few cases are seen in any private practice. 

As an attempt to formulate more reliable conclusions on which to base 
prognosis and treatment, I have made a summary of cases in the litera- 
ture in which sufficient data were recorded to compare methods of 
treatment, results and opinions of authors. 

The comparison is made from ninety-four cases recorded by twenty- 
nine different authors. Of this number, twenty-six were cases of closed 
reduction, seven of open reduction, forty-nine of early removal, five of 
late removal and seven cases in which the patient was untreated. 

CLOSED REDUCTION, TWENTY-SIX CASES 

1. Time After Injury. — ^The dislocations were reduced in nearly all cases 
within two or three days after injury. One was successful at four weeks. Three 
were complicated by a fractured scaphoid, two of which were reduced within 
forty-eight hours and the other at five days. 

2. Results. — ^All patients -report a complete return of function. 

3. Opinion of Authors. — ^All agree that reduction can be accomplished best 
within a few hours after injury. Codman and Chase advise an attempt at a closed 
reduction as late as four weeks. 

OPEN REDUCTION, SEVEN CASES 

1. Time After Injury. — The shortest time after injury at which reduction was 
performed was six days. In the other cases, it was done from three weeks to three 
months later. 

2. Results. — In three cases good function was obtained. Four patients had 
persistent pain and impairment of function. One of these had a fractured 
scaphoid; another had severe pain. The neurospastic fixation was definite, and 
three operations were performed. 

3. Opinions. — Adams® says: “danger of traumatic arthritis, end results unsat- 
isfactory.” Codman® and Chase: “If closed reduction fails, try open.” Knapp °: 
“Late reduction successful.” Speed®: "Reduction after six days not advisable 
because of absorptive changes and traumatic arthritis.” Davis': “Can reduce 
even late cases with special skill.” 

EARLY REMOVAL OF BONE AND REMOVAL IN CASES IN WHICH NEUROSPASTIC 
FIXATION IS NOT OF A PERMANENT NATURE, FORTY-NINE CASES 

Twenty of the forty-nine cases are those of Speed. The time after the injury 
ranged from six days to nine months. The scaphoid was fractured in several 
cases and dislocated in one. Removal of the whole scaphoid and the semilunar 
bone was mentioned in six cases. 

Results. — The earlier the removal the better the results reported. No one 
reports perfect return of- function. There were excellent results in one case in 
which removal was done after nine months. Several patients report satisfactory 
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Osteoperiosteal Grafts for Spinal Fusion.~E. and Y. Delageniere « 
have been employing osteoperiosteal grafts in fusion operations of the 
spine for Pott’s disease with good results. The technic is relatively 
sxmple, and this is its advantage over other methods. Massive bone 
transplants lose their vitality, whereas osteoperiosteal grafts survive and 
are therefore a better aid to fusion. The operation is performed with 
the patient lying on the right side. The muscles are retracted laterally 
and the laminae exposed and denuded of periosteum. With the chisel, 
long strips of periosteum lined with a thin but even -layer of bony tissue 
are cut from the internal surface of the tibia. These are laid down in 
the vertebral gutter, with the bony surface against the laminae and the 
spinous processes. The muscles are replaced, covering the grafts, and 
the aponeurosis is sutured. A small drain is inserted. Following the 
operation the patient is kept flat in bed, but without apparatus. At the 
end of two months, a plaster jacket is applied and the patient is allowed 
out of bed. Jacket fixation is maintained for about six months. Three 
cases of successful operation in adults are reported. 

[Ed. Note. — Some of us have been employing osteoperiosteal grafts 
in operations for spinal fusion for several years. The Hibbs method of 
fusion has been used, with the osteoperiosteal graft added for additional 
security. The results were impressive in one such case in which a second 
operation had to be performed, but not because of failure of fusion. 

, On the side where the graft had been laid there was a large thick sheet 
of bone, much thicker and more solid than on the other side, where no 
graft was used to reinforce the fusion. If the osteoperiosteal graft 
alone would suffice without any other fusing procedure, it would go far 
toward simplifying the operation and removing its risk. We consider 
drainage of these wounds unnecessary.] 

Coi'rection of Deformity in Bony Ankylosis of Hip Joint. ^Abbott 
and Jostes,^® realizing the great risk of displacing the bony fragments 
in attempting to correct cases of extreme deformity of the hip joint with 
ankylosis by the usual method of subtrochanteric osteotomy and plaster 
fixation, have employed a different procedure, with entirely satisfactory 
. results. Following the osteotomy, they put the leg up with traction in 
a Thomas splint, not trying to obtain correction of the deformity unti 
the end of about four weeks. At this time, the fragments are unite 
by firm but moldable callus. Extension is then applied to the una^cte 
leg in a position of wide abduction to control tilting of the pelvis. ^ 
gradually, the contracted hip is brought down into the desired position. 

45. Delageniere, H. and Y.: Archives franco-beiges de chir. 29:21 (Jan.) 

1926. , 

46. Abbott, L. C. and Jostes, F. A.: Surg. Gynec. Obst. 42:274 (Feb.) 1 
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2. In cases in which removal of bone is done within two or three 
weeks or in which there is mild neurospastic fixation, good function will 
result, but at least some permanent weakness will remain, 

3. Open reduction under the same circumstances promises as good a 
return of function as removal. There is, danger, however, of traumatic 
arthritis, 

4. Untreated j^atients have from 25 to 75 per cent permanent dis- 
ability. 

5. Open reduction after several weeks or in cases in which neuro- 
spastic fixation is severe should not be attempted, even though in many 
instances it can be accomplished. Removal is better, 

6. Removal in late ‘cases with severe fixation and degenerative 
changes usually will relieve the pain to a considerable degree. Improve- 
ment in function is slight. 

B. Fractures of the Scaphoid. — 1. Severe traumatic arthritis is so 
likely to occur in these cases that closed or open reduction is dangerous. 
If not accomplished within a few hours after injury, excision is therefore 
indicated. ' 

2. RemoA'al of the semilunar and whole scaphoid bone seems to give 
as good I'esults as those secured in cases in which the proximal fragment 
only is removed and is the method of choice. 


CORRECTION 

Dr. Gabriel Tucker asks that attention be called to the following corrections 
in his article, “Technic of Bronchoscopic Introduction of Bismuth Subcarbonate 
and Iodized Oil 40 Per Cent, for Pneumonography" (Arch. Surg., January, 
Part II, 1927): 

The reference at the end of the first paragraph, page 175, should be to 
figs. S and 6. 

The reference in the fourth line from the bottom on page 181 should be 
to fig. 4, instead of to fig. 6. 

The instrument illustrated at the top of page 182 was devised by the author. 
Dr. Tucker, and mention of this should be included in the legend to fig. 7. 

Dr. Tucker also calls attention to the fact that the stenographic report of 
his discussion on the papers by Drs. Singer, Tucker, Ballon, Stewart and 
Archibald (Arch. Surg., January, 1927, page 216) is incorrect, in that the 
negative was omitted ; the twelfth sentence in the paragraph should read : “In 
our clinics, we do not use the bronchoscope in tuberculosis unless there are 
special indications.” 
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to 8 cm. Lateral deviations ' were not observed. Unilateral varicose 
veins have been a late complication, seen in almost all the cases. These 
seem to have a double origin, the presence of numerous scars from old 
draining sinuses and the absence of normal muscle contraction. On. 
the resected side, the foot was smaller and shorter by from 15 to 20 mm. 
The patients have been walking with the foot in equinus, and this has 
led to a cavus type of foot with anterior callus formation. Although 
the static conditions have been changed, no painful symptoms or limita- 
tion of motion were found in the hip. In three cases, the roentgen-ray 
examination showed a certain degree of coxa valga, these patients being 
15, 14 and 20 years of age at the time of the operation. 

[Ed. Note. — In cases of tuberculous disease no r^ults can be con- 
sidered end-results until after the lapse of a considerable number of 
years. The foregoing report is of interest because it represents the first 
attempt of which we have knowledge to obtain the entire life history of 
a patient following operation. The study of the functional result also is 
valuable. An investigation along similar lines of groups of patients 
treated at some of the large clinics for heliotherapy is much needed. 
Only by this means can we reach a conclusion as to the place of operative 
surgery in the treatment of joint tuberculosis.] 

Surgical Treatment of Flat-Foot . — In cases of severe contracted 
flat-foot, Meyer has obtained good results by freezing the peroneal 
nerve for two or three minutes with ethyl chloride. The nerve is exposed 
above the head of the fibula. By this means the peroneal muscle group 
is paralyzed for a period of about six months, and during this time the 
feet are treated by massage, exercise and foot plates. The method has 
proved satisfactory in forty-nine cases, and in all the function of the 
nerve has been recovered in from five to seven months. Even in 
bilateral cases the function of the feet was so little embarrassed that the 
patients were able to resume their work almost immediately following 
the operation. 

Schulze-Gocht does not agree with the view that the action of the 
peroneus brevis is similar to that of the peroneus longus, and that both 
are bad mechanical factors in flat-foot. He points out that the latter 
muscle draws the midportion of the foot outward, but the forefoot 
inward, while the peroneus brevis raises the outer border of both tarsus 
and metatarsus. In the surgical treatment of flat-foot, the latter muse e 
should be eliminated while the former should be reinforced. He there 
fore exposes the peroneal tendons above the external malleolus, sutures 
the short peroneal to the long peroneal tendon and cuts the tendon o 

49. Meyer, Hermann: Beitr. z. Idin. Qiir. 135:150, 1925. 

• 50. Schulze-Gocht: Arch. f. Orthop. d. Unfallchir. 24:32, 1926. 
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acidity of the tissues, due to some form of systemic intoxication. Even 
if it were admitted that this might explain the ruptures that occur in 
connection with ileus and malignant tumors (which he emphasizes) it 
would afford no solution for the numerous instances in which no general 
intoxication exists, or in which the rupture occurs in a portion of the 
wound only. As he admits, this theory necessitates, in order to explain 
the prompt healing that occurs following secondary suture, the rather 
unsatisfactory assumptions that the acidity has been overcome, or that 
substances are generated in the blood which favor the healing process 
(Epstein), or that in some way the primary wound has exerted an 
influence on the sympathetic nervous system which favors the secondary 
healing (Dschanelidge). 

5. The Fonttaiion of a Hematoma : — ^This might weaken a wound and 
increase the danger of rupture, but its expansile pressure could hardly be 
great enough, arising as it does from small vessels', to separate the firmly 
united fascia and peritoneum. In order to cause trouble, the hematoma 
would have to be large ; but I have never seen evidences of even a small 
one in a ruptured wound, although a certain amount of bloody serum 
often is present. 

While any one or several of the things mentioned may play a part in 
the giving way of abdominal incisions, they often do not appear to be 
the main factors. In many instances I believe the primary cause to be 
inadequate closure of the peritoneum, leaving a gap in the suture line. 
Through this opening the omentum forces itself, perhaps between the 
muscles, and even at times through the overlying fascia, which likewise 
may be imperfectly united. This omental protrusion not only interferes 
with immediate union of the wound, but as it becomes congested and 
swollen by strangulation it acts as a sort of expanding wedge, the effects 
of which are augmented by an accompanying serous exudation, the ulti- 
mate result being separation of the tissues and weakening of the incision. 
Any sudden strain, from coughing, sneezing or vomiting,' may now 
precipitate a rupture, especially if infection has complicated the situation 
and sufficient time has elapsed to permit of partial absorption of the 
catgut sutures. Occasionally, as I have seen, it may be the bowel that 
insinuates itself between the stitches, or perhaps bowel and omentum 
together. 

It is evident that the acceptance of this explanation would mean that 
the foundation for the rupture of an incision is laid immediately follow- 
ing an operation, and that there is a gradual increase of the trouble until 
disaster results, provided a number of more or less important factors 
are coincidentally favorable. 
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Age of Fractures. In an effort to decide whether it is possible to 
determine the age of a fracture by its roentgenologic appearance 
Andrei has made a study of 269 cases of fracture of the shafts of the 
long bonp and of the phalanges. His conclusions are as follows. 1. In 
simple diaphyseal fractures without displacement, the first modification 
of the appearance is a blunting of the margins and of the bony spicules, 
which becomes evident at the end of the second week. The callus begins 
to appear between the sixteenth and the twentieth days after the injury. 
It becomes clearly delineated at the third or fourth month, and acquires 
the opacity of a normal bone between the eighth and tenth month. 
During the first year, the callus remains free from lamellar structure. 
The reconstruction of the lamellar system begins- at the thirteenth or 
fourteenth month, and is well advanced at the end of the second year. 
The line of fracture disappeared from the sixth to the eighth month after 
injury, and reappears later as a line of increased opacity. At the end 
of the second year, although there has been a conspicuous reduction in 
the size of the callus, there always remains a trace of it in the form of a 
thin, opaque layer that thickens the bone. 2. In diaphyseal fractures 


with displacement of the fragments the blunting of the margins and 
spicules of the bones appears at the end of the second week. The callus 
begins to be evident in the third or fourth week. It becomes delimited 
from the contiguous tissues later than in other types of fracture — ^that is, 
toward the sixth or seventh month — and contemporaneously regains the 
opacity of normal bone. It undergoes a process of reduction less than 
in fi'actures well reduced, and the reconstruction of the bony structure is 
not made at any fixed period. 3. In the fractures of the phalanges, of 
the metacarpals and of the metatarsals, a blunting of the margins and 
of the spicules is seen at the end of the first week. A few days later, 
and in general before the end of the third week (sometimes even at the 
beginning of the second week), callus appears in the form of a delicate 
white cloud. At the end of the fourth month it is clearly delimited, and 


toward the sixth or seventh it regains the opacity of normal bone. Even 
in these fractures, the callus remains free from lamellar structure during 
the first year after injury. This structure appears at the thirteenth or 
fourteenth month and is more or less advanced at the end of the secon 
year. This line of fracture disappears between the sixth and eigiti 
months, to become evident later in the form of a bone cicatrix. 

Local Anesthesia in the Reduction of Fractures. Cohen advises 
the more general use of local anesthesia for the reduction of fractures. 
The method employed has been one of local infiltration at the site ° | 
break, and the experience covers a period of two years, during wuci 


53. Andrei, O. : Chir. d org. di moviniento 10:255 (Feb.) 1926. 

54. Cohen, Ira: J. A. M. A. 86:1896 (June 19) 1926. 
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Fig. 1. — ^Abdominal incision in a dog: Separating the muscles is a partial!)- 
strangulated and swollen plug of omentum, above which may be seen a cavity 
which was filled with serous exudate. Although the fascia had been united above 
the omentum, it is evident that its union has been interfered with and the 
strength of the wound seriously impaired. (Prof. R. G. Mills, Pathologic Labor- 
atory, University of Colorado School of Medicine, Experiment 13.) 



Fig. 2. — Plug of omentum lying in a cystlike cavity originally filled with fluid. 
(Prof. R. G. Mills, Pathologic Laboratory, University of Colorado School of 
Medicine, Experiment 14.) 


either the peritoneum or of the peritoneum plus the muscles, or of both 
of these plus the overlying fascia. The omentum, I believe, plays just 
as important a part in these occurrences as it does in complete rupture, 
which accounts for the firm omental adhesions so frequently found in 
secondar)’- operations. If the muscles, and particularly the fascia, are 
involved, a ventral hernia may result, in close relation to which adherent 
omentum usually is found, as I am sure most surgeons have observed. 
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cases were more favorable in every way. The reconstruction operations 
■oi Brackett and Whitman were carried out in six other cases, with good 
results in all. In the latter group, however, there was more residual 
stiffness than in the former group, and the function, although satisfac- 
tory, was by no means as good. The duration of the nonunion is no 
■criterion in selecting the type of operation. Some of the best results 
from the bone grafting operation w^ere obtained in cases in which the 
nonunion had existed for from two and one-half to three years. The 
indications for the operation are considered to be a good state of health, 
considerable disabilit)' and the persistence of a sufficient amount of the 
neck of the femur. 

Fractures of the Os Calcis. — Conn believes that fractures of the os 
calcis can be classified into five groups according to the character of the 
predominating deformity : (1 ) eversion of the calcaneum, resulting in a 
more mesial deflection of the weight-bearing line; (2) upward displace- 
ment of that portion of the posterior tuberosity serving as the attachment 
of the tendon of Achilles ; (3) impactions resulting in shortening and 
upward displacement of the posterior tuberosity without separation of 
the tendon of Achilles ; (4) serious distortion of the articular surfaces ; 
(5) those cases in which by reason of the location or because of the 
destructive comminution, nonunion is impending or present. Conn 
states that fractures of the os calcis are serious and disabling injuries, in 
which the results continue to be “incredibly bad.” Roentgenograms 
should be made in a manner well calculated to reveal both the perpen- 
dicular and lateral deflections. In fresh fractures, procrastination, 
attempts at manual deduction, and ineffectual immobilization should be 
abandoned in favor of the more radical and efficient skeletal traction 
procedures, tenotomy of the heel cord and, when indicated, subastragalar 
arthrodesis. 

Subastragalar Arthrodesis in Treatment of Old Fractures of thf 
Calcaneus.— Reich. reports four cases of old fractures of the os calcis 
which he treated by performing the operation of subastragalar arthro e 
sis. The results were satisfactory. He asserts that the pain in t e 
■old fractures is almost invariably due to a traumatic osteo^-arthritis 
resulting from extension of the fracture into the subastragalar joint. 

[Ed. Note. — We agree that the only way by which the present poor 
results from fracture of the os calcis can be improved is by the more 
general adoption of radical procedures such as advised by Conn an 
Reich.] 

58. Conn, H. R. : Radiology 6:228 (March) 1926. 

59. Reich, R. S.; Surg. Gynec. Obst. 42:420 (March) 1926. 
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RESEARCH 

Physiology of Synovial Fluid. — Pemberton and his group conclude 
from their experiments that diffusible substances pass easily from the 
blood to the synovial fluid, and that the gastro-intestinal tract must be 
regarded as being in surprisingly close communion with the joint fluids. 

Interstitial Growth hi Growing Long Bones. — Haas has performed 
experiments in growth, using rabbits in which the measurements were 
controlled by being taken on roentgenograms at the time of operation 
and at the end of the period of observation. With a constant film target 
distance there is practically no chance for error, as is the case in making 
measurements at tlie time of operation. He concludes that interstitial 
proliferation of osseous tissue plays no part in the elongation of bone, 
either in the mature bone or in tlie young osteoid tissue bordering on 
the epiphyseal cartilage. Length of bone is entirely dependent on the 
purposeful multiplication of the cartilage cells of the epiphyseal plate. 

Bone and Blood Circulation. — Mueller has examined bones taken 
from old people with severe arteriosclerosis to determine the con- 
nection of the circulation with the nutrition of the bone tissue. 
Those lamellae which are near the vessels are intact, while those farther 
away are generally necrotic. Therefore, the lamellae in the marrow and 
in the cancellous bone are living, while in the compact bone only those 
lamellae are intact which are close to the haversian canals. In severe 

* This Report of Progress is based on a review of 230 articles selected from 
S9S titles dealing with orthopedic surgery appearing in medical literature between 
March 13 and July 24, 1926. Only the articles that seem to represent progress 
have been selected for note and comment. 

37. Cajori, F. A.; Crouter, G. Y., and Pemberton, R.: Arch. Int. Med. 37:92 
(Jan. IS) 1926. 

38. Haas, S. L.: Arch. Surg. 12:887 (April) 1926 

39. Mueller, W, : Zentralbl. f. Oiir. 54:1412 (May 29) 1926. 
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no endothelial lining (exception, Ollerenshaw’s case). 3. They are filled 
with a mucoid substance. 4. There is no evidence of inflammatory 
reaction about them. 5. The cysts have in all cases been located in the 
midportion of the semilunar cartilage on the external border. 6. A 
definite history of injury was present in almost half of the cases. 7. The 
cysts reach their maximum size quickly and then remain stationaiy. 
8. Most of the patients were in the second decade of life. 9. Spon- 
taneous recovery is unknown and recurrences have taken place in which 
the entire cartilage was not removed. 10. Pain is present on complete 
extension and on acute flexion of the knee. 

[Ed. Note. — We have been impressed with the fact that cysts of the 
semilunar cartilage are not uncommon and that in the majority of the 
cases the diagnosis can be made readily from the clinical evidence.] 

Posterior Contusion of the Patella . — Haglund calls attention to a 
lesion that has been encountered frequently in his clinic, but which 
apparently is not generally recognized. He terms the condition posterior 
contusion of the patella and ascribes it to a severe trauma to the patella 
when the knee is flexed. The roentgenographic appearance is said to be 
characteristic. In the lateral view, there is a distinct cavity in the 
posterior surface of the patella, while the surrounding bone shows 
increased density similar to that of cortical bone. In early cases, atrophy 
and necrosis can be made out, the picture at times somewhat resembling 
tuberculosis. Haglund believes that the condition recently described by 
Freund under the name “chondropathia of the patella” is the same 
lesion. Contrary to Freund, Haglund does not consider operation neces- 
sary for cure in all cases, and says that many of them heal without any 
special treatment. 

Lesions of the Sacro-Iliac Joints . — Painter has made an exhausthe 
survey of all the evidence that has accumulated in respect to the anatomy, 
physiology and pathology of the sacro-iliac joints. From this study he 
feels that the conclusion is warranted that the sacroiliac articulations 
are subject to the same lesions as all other joints and that the presence 
of a pathologic condition in the joint is manifested by the same signs 
and symptoms that are encountered elsewhere. He feels that the evi- 
dence is overwhelming that sciatica is a cardinal symptom of sacro i la 
lesions, and that it is due to a perineuritis brought about by the pri^inn 
of the radicals making up the sciatic nerve to whatever lesion is a^ecting 
the joint. He states that the accumulated experience shows that m e 
traumatic lesions of the sacro-iliac joints good results may 
be obtained from mechanical and physiotherapeutic methods o rea 
ment, and that' this should cause those advocating operative measii 

63. Haglund, P.: Zentralbl. f. Chir. 53:1757 (July 10) 1926. 

64. Painter, C. F.: Boston M. & S. J. 194:613 (April 8) 1926. 
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splints the finger for eight days, and only at the end of this time does 
he begin gentle active motion. As a rule, about 75 per cent of the normal 
motion is recovered within four weeks after the operation. 

Narvi “ has made a study of tendon suture and tendon repair, usingr 
cats as experimental animals. His conclusions are: 1. After tendon 
suture the ends of the tendon are united by means of granulation tissue, 
which is formed by the connective tissue elements of the tendon. The 
ends remain passive and do not seem to form any new tissue. The 
connective tissue outside the tendon forms more of the granulation tissue 
between the ends than the peritenoneum and is therefore of more 
importance for the healing of the tendon wound. In the endothelium 
covered sheath of the tendon, the peritenoneum grows over the ends of the 
tendon, forming stumps that do not unite, but if sutures are passed 
through the cut surfaces granulation tissue is formed from the periten- 
oneum along and around the sutures. The author therefore recom- 
mends this type of tendon suturing. 2. The synovial fluid does not 
affect the regeneration of the tendon disadvantageously. The form and 
structure of the cicatrix of the tendon is consequently quite the same 
inside and outside the sheath of the tendon. 3. For restoration of func- 
tion it is absolutely necessary to spare the sheath of the tendon in order 
to facilitate the gliding movements and to keep the tendon in the right 
position. 4. Only by exercises, without immobilization, is it possible to 
prevent adhesions of the tendon. 

Arthroplasty . — ^In arthroplastic operations, Hass recommends a 
different method of modeling the ends of the bones from that which is 
commonly used. He does not try to reconstruct the normal anatomic 
form, but rather to shape the bones from a functional point of view. The 
convex articular bod)’’ — e. g., the lower end of the femur — is shaped like 
a wedge, while the concave body — e. g., the upper end of the tibia — is 
modeled into the form of a shallow cavity. The idea is by this means 
to minimize as much as possible broad contact of the bony surfaces and 
thus to prevent the formation of adhesions. He reports the results in 
five cases in which operations were performed by this method from one 
to two years previously, two in the elbow, two in the knee and one in 
the hip. The results in the elbows are excellent, full range of motion 
and function scarcely differing from normal. In the knees the range of 
active motion is excellent, although in one case the stability is somewhat 
impaired. In the hip there is active flexion of 90 degrees, abduclion 
to 60 degrees and good extension. 

[Ed. Note. — We feel that these operations might properly be callcfl 
reconstructions or .resections rather than arthroplasties, as the term is 
commonly understood.] 

43. Narvi, E. J. : Acta Cliir. Scaiidinav. 60:1 (March 10) 1926. 

44. Hass, J. : Zentralbl. f. Chir. 52:270 (Nov. 28) 1925. 



618 


• ARCHIVES OP SURGERY 


the main factor is a necrosis, whereas the inflammation and dissection are 
secondary characteristics. It has often been questioned whether the pro- 
cess is of traumatic or nontraumatic origin. Koenig agrees with his father 
that both causes may be' found. He had made a careful study, of twenty- 
seven cases at different stages. The histologic examination showed 
necrosis of the bone and of the fibrous tissue within the niarrow. He 
• supports the views of Axhausen in respect to embolism as an etiologic 
factor in certain cases, and states that the production of osteochondritis 
by this means has been clearly demonstrated by experiments. 

Kteubock’s Disease. — Fontaine regards Kienbock’s disease of the 
carpal semilunar bone as primarily a process of atrophy following 
trauma. He reports the case of a young man who injured the semi- 
lunar bone by catching a brick which had been thrown to him. Atrophy 
and softening of the bone followed, but all disturbances ceased after the 
removal of the semilunar bone. He calls attention to the fact that 
Muller obtained a good result in a similar case by curetting the interior 
of the bone, preserving the outer corticaF shell. 

Osteochoiidntis Metatarsophalangeal, Inflection of the Second 
Metatarsal Bone, March Foot. — ^The lack of knowledge concerning a 
condition of the head of the metatarsal commonly designated by the 
name of Koehler is well shown by the presence of three articles in the 
current literature, each describing a more or less similar condition under 
a different name. Under the title “Osteochondritis Deformans Juvenilis, 
Metatarsophalangeal,” Schaller and Nadaud describe the roentgeno- 
logic features in a case that they have followed. There is a shortening 
of the head bf the bone, with flattening and broadening, condensation of 
the spongy bone, widening of the intra-articular space and preservation 
of the normal appearance of the opposing articular surface. A plaster 
splint was applied in their case, but notwithstanding this, the lesion 
progressed markedl)'^ during the ensuing five months. 

Freiberg employs the term metatarsal infraction, and reports a 
case in which the first roentgenogram did not show any bony abnormaht) , 
but a second roentgenogram taken eight months later showed the typica 
changes mentioned by Koehler. He acknowledges that simple trauma is 
not a satisfactory explanation of the clinical and roentgenologic pic 
nomena that have been described in this condition. 

March foot is the term Jansen applies to the well-known e ematous 
swelling of the metatarsal region of the foot which is seen in 
w'ho are made to walk beyond their strength. Jansen considers tus 


68. Fontaine, R. : Rev. de Chir. 63:769, 1926. 

69. Schaller and Nadaud: J. de radiol. et d’electrol. 10:123 arc ) 

70. Freiberg, Albert: J. Bone & Joint Surg. 8:2a7 (April) 192 

71. Jansen, Murk: J. Bone & Joint Surg. 8:262 (April) 1926. 
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The advantages of the method are accuracy, elimination of the risk of 
displacing fragments and doing away with the necessity of applying a 
plaster cast following the operation. 

Operative Treatment of Chronic Hydrops of the Knee. — iVIuchin *' 
has tried a new procedure for the relief of chronic hydrops of the knee, 
and in four cases has obtained good results. The idea is to improve the 
drainage and absorption from such knees by excision of a piece of the 
capsule. The edges of the capsular defect are sewn to the subcutaneous 
tissues, and into the defect a small pedunculated flap of muscle and fascia 
is turned. The patients on whom operations were performed have been 
observed for more than a year, and within this period there has been 
no recurrence of the swelling. 

[Ed. Note. — ^We judge that this procedure is based on the same idea 
that underlies the Kondoleon operation for elephantiasis, namely, to 
connect the superficial lymphatics with the part that it is desired to 
drain. If an essential part of the plan is the persistence of the capsular 
defect, then the operation would appear to be illusory, since we know 
that such a defect is quickly closed and the synovial lining rapidly 
reconstituted.] 

Late Results of Resections of the Knee Performed by Ollier . — 
Berard and Santy have investigated the late results in some of Ollier’s 
operations of resection of the knee for tuberculosis. Twenty-five cases 
were selected from his records at the time of his greatest surgical activity, 
about thirty years ago. Of these twenty-five patients, si.xteen, or 64 
per cent, were found to be in good health, five did not respond, and four 
had died, but only one of a tuberculous disease. Of the sixteen patients 
that were found, eleven have been examined. .Ml have been jx:r- 
manently cured of their knee joint disease. No complications have been 
noted. One patient, who at the time of operation had lupus of the ear 
and signs of a pulmonary lesion, has had pleurisy. None of the other 
patients ever showed any new tuberculous symptoms. In all the cases 
but one, ankylosis, the aim of the operation, was achieved. In the one 
case of failure, new tuberculous lesions were detected and a second 
operation was performed five years after the first, with a successful 
result. The knees were ankjdosed with about 10 or 12 decrees of 
flexion. The functional results were excellent, and although the patients 
were mostly farmers and laborers, ail were capable of the same efforts 
as normal people. There was no difficult}” in mounting stairs, only slight 
awkwardness in descending. The amount of shortening varied from 4 

47. Mucliin, M. W.: Taschlent Turkeston, abstr. in Zentralbl. f. Oiir. 53:20.37 
(Aug. 7) 1926. 

48. Berard, L., and Santy, P.: Arch, franco-beiges de chir. 28:903 (Xov.) 
1925. 
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BOOK REVIEWS 

Orthopedic Surgery. By W. B. Cochrane. Edinburgh; E. & s Livinestonc 
1926. ' 

Much is heard of preventive medicine, but little of preventive surgeiy, and 
yet in orthopedic surgery' the ounce of prevention is often worth the ton of 
cure. Cochrane founds his work on orthopedic surgery on preventive measures 
of physical education, acknowledging his debt to his American teacher, Goldtbirait, 
He recalls the work of Nicholas Andr}', who defended his thesis “Orthopaedia" 
before the Facult 3 ’’ of Medicine in Paris, of which he was the dean. Havmg laid 
his foundations of body mechanics, Cochrane proceeds to outline under anatomic ■ 
groupings the various diseases and lesions of the locomotary apparatus which 
come within the field of orthopedic surgerj'. The book is designed to give 
medical students an idea of the scope of this branch of surgery, and to suggest 
to them the principles of diagnosis and treatment. It fulfils its purpose admirably, 
and will be found even more valuable for general practitioners than for under- 
graduates. It is an original and sound presentation which should be widely read. 


The Inflammatiox and Toxic Diseases of Bone. A Textbook for Senior 
Students. By R. Lawford Knaggs, M.C., F.R.C.S., Consulting Surgeon 
to the Leeds General Infirmary; formerly Professor of Surgery in the 
University of Leeds. New York: William Wood & Co., 1926. 

This interesting book, written by a surgeon of wide experience, who has 
devoted the years since his retirement from active surgical duties to research, 
is a valuable contribution to the subject of inflammatory and toxic disrases 
of the bone. As he say's, it is a textbook for senior students, and the subjects 
that receive special attention are osteomyelitis, tuberculosis, syphilis, the arthro- 
pathies, 3 'aws, arthritis deformans, rickets, scurvy, osteomalacia, Potts disease, 
leontiasis ossea and osteogenesis imperfecta. There is a wealth of illustration 
of both the macroscopic and the microscopic appearance of these diseases, an 
the etiology, pathogenesis and morphology are extremely well covere , > 

only the general principles of treatment are outlined. He believes t at ino 
of the conditions that he describes have a background of infection, an 
their lesions are probably caused by toxins elaborated in the body roni 
foci. The book, which consists of 400 pages, is a valuable contribution to 
subject of inflammatory and toxic diseases of the bone. 


Bone Sarcoma. By E. A. Codman. New York: Paul B. Hoeber, 192 

This book describes in concise terms the uniform classification of t^®" 
of the bone recognized by the American College of Surgeons. w 
a much clearer conception of tumors of the bone and wi Fortu- 

everywhere to compare results and observations in a common ' jjj and 

nately, it is to be widely distributed by the American College o 
will undoubtedly be closely followed. 
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the former distal to the point of suture. The primary results have been 
encouraging, although as yet sufficient time has not elapsed to know 
the final outcome. 

In another article, the same author deals with the treatment of 
pes cavus along similar lines. He points out that in cases of isolated 
paratysis of the peroneus longus muscle there results a flat, pronated 
foot. Consequently, in cases of hollow foot in )'oung persons he cuts 
the long peroneal tendon and sutures this muscle to the peroneus brevis. 
In all cases in which this procedure has been emplo)’-ed there has been 
noted a progressive correction of the deformity, 

FRACTURES 

Muscle and Nerve Injuries Associated zoith Fractures. — ^Lewis.'"’* 
speaking of nerve and muscle injuries associated with fractures, states 
that these lesions are relatively rare, but that when present they so pro- 
long the disability that early recognition and intelligent therapy are 
demanded. In 80 per cent of the nerve injuries, the humerus is the 
bone that is fractured, the common site of the fracture being in the lower 
third of the bone (60 per cent) , Of the peripheral nerves involved, tlie 
musculospiral accounts for 60 per cent, and the ulnar nerve for about 
25 per cent. Many of the latter, however, are late paralyses. Ischemic 
myositis (Volkmann’s contracture) is one of the most disabling lesions 
associated with fractures. It is observed most frequently after supra- 
condylar fractures and fractures of the lower end of the humerus. It is 
caused by venous congestion. About 8 per cent of the cases of ischemic 
palsy occur without a cast or constricting dressing having been applied. 
The importance of the subfascial hematoma in the production of ischemic 
palsy has not been fully appreciated. A fracture should not be con- 
sidered merely as a skeletal injury, but a careful examination should also 
be made for associated injuries of nerves, muscles and blood vessels. 

[Ed. Note. — Some of us have encountered cases iji which ischemic 
myositis was present when the patient was first seen and before any 
dressing had been applied for the fracture. Contrar)’’ to the experimental 
evidence which is in favor of venous congestion as the causative factor, 
the finding in these cases was absent radial pulsation, pallor and coldness 
of the hand, together with inability' to move the fingers. The first two 
developed typical ischemic contractures. In the third case, multiple inci- 
sions were made at the elbow, and part of the subfascial hematoma evac- 
uated, with the result that the ischemia disappeared and the hand remained 
normal. This procedure would seem worthy of trial in any similar case.] 

51. Schulze-Goclit : Arch. f. Orthop. d. Unfallchir. 24:19, 1926. 

52. Lewis, Dean: Proc. M. Soc. State of X. Y., March 30, 1926. reported 
in J. A. M. A. 86:1380 (May 1) 1926. 
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definition that requires demonstration of an- actually plugged capillary 
does not seem useful to us for reasons that will appear later. If there 
is microscopic (as opposed to ultramicroscopic) free Tat in the blood 
stream, a sufficient agglomeration of particles may occur anywhere and 
at any time to plug a capillary. 

The general problem of fat embolism, then, must be divided into two 
main divisions. The first of these concerns itself solely with the sources 
of free neutral fat in the blood stream and the mechanisms of its appear- 
ance there. The second deals with the results of this entrance of fat 
into the blood stream as expressed by patliologic and clinical changes. 
It must therefore take into consideration quantity, distribution and com- 
position of the fat introduced. 

■ PART I. ETIOLOGY OF FAT EMBOLISM 

There is no doubt that depot fat, particularly that of the marrow, 
will enter the blood stream following mechanical disturbance. Hundreds 
of cases demonstrating this fact are on record, as may be seen by refer- 
ence to the reviews of the subject already mentioned. The types of 
mechanical injury include -fracture,, operations on soft parts and on 
bone, and severe concussion of the body. Traumatic etiology can be 
readily demonstrated experimentally.^ Mechanical disturbance of mar- 
row fat, experimental fracture, jarring of bones, experimental bone 
transplants, in fact, all procedures leading to any appreciable damage to 
fat depots are regularly accompanied by the appearance of intravascular 
fat- in varying quantities and by resulting degrees of capillary occlusion. 
To confirm these findings we have successfully repeated certain of these 
experiments (figs. 1, 2 and 3). The lung embolism seen in figure 1 
appeared in the brief interval between the occurrence of multiple frac- 
tures of the skull and death in a dog. Figures 2 and 3 show the embolism 
present in the lungs of rabbits six hours after destruction of the bone 
marrow of a single femur under ether anesthesia. The degree of 
embolism in these instances is to be kept in mind for comparison with 
later experimental results. 

The ease and logic of this explanation for certain examples of fat 
embolism have misled those interested in the problem. Time and again 
in the literature of the subject the statement is made that trauma is t e 
only possible cause of fat embolism. Examples of these statements are 
the following:- “In order to permit the entrance of fat into the circu a 
tion in amounts even to approach the amount of free fat in the boo 

4. Busch: Arch. f. path. Anat. 35:321, 1866. Ribbert: Cor. ^ 

Aerzte 24:457, 1894. Fritzsche: Deutsche Ztschr. f. Chir. 107:456, 1910. berg - 
mann: Berl. Win. Wchnschr. 47:1112, 1910, Bissell, W. W.: Surg. Gynec. UD • 
25:8 (July) 1917. Caldwell, G. T., and Huber, H. L.: Surg. Gynec. ud . 
25:650 (Dec.) 1917. 
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time it has been used in all types of cases. The nerve block method, 
either of the brachial plexus for the upper extremity or by spinal injec- 
tion for the lower extremity, has also been used in exceptional cases. 
The local infiltration method is easier and has proved a practical pro- 
cedure. It has been used satisfactorily in fractures of the shaft of the 
femur, humerus and tibia. The one contraindication is a compound frac- 
ture. The muscular relaxation which is obtained is not as great as with 
general anesthesia. 

[Ed. Note. — Some of us have employed the nerve block method of 
local anesthesia, although we have had no experience with the local 
infiltration method. For the reduction of Colles’ fracture and other 
types of forearm and elbow fracture in persons who are poor anesthetic 
risks, it is the method of choice.] 

Traction on Sternum in Treatment of M ultiple Fractures of the Ribs. 
— ^Jones and Richardson report the case of a man with multiple frac- 
tures of the ribs, from the second to the eighth on one side, with great 
shock and marked difficulty in breathing. The)’’ made an incision on 
either side of the sternum, through which the jaws of a bullet forceps 
were introduced to grasp the sternum. They were locked in this posi- 
tion and by means of a cord fastened to the handles, leading to an over- 
head pulley and counterpoise weight, continuous traction was exerted on 
the sternum and depressed portion of the chest. The dyspnea was 
greatly relieved. The danger in the procedure lies in the proximity of 
the pleura. 

Fracture of Semilunar Bone from Indirect Violence. — Palmer'’® 
reports an unusual case of fracture of the semilunar bone from indirect 
violence. The fracture was visible only in roentgenograms taken with 
the wrist in the position of extreme flexion. These showed the anterior 
horn separated from the body of the bone. The injury was produced 
by lifting a 100 pound bag of cement. The symptoms were pain and 
weakness. 

Ununited Fracture of the Hip. — ^Henderson.®' writing on ununited 
fracture of the hip, asserts that the autogenous bone graft, the aim of 
which is to restore as nearl)'- as possible the normal anatomy, is the 
operation of choice. He asserts that the fact that success was attained 
in 76 per cent of the twenty-one cases in which he has performed this 
operation indicated that this procedure compares favorably with bone 
grafting operations for nonunion in other bones. In three cases the 
same results were achieved by using the beef bone screws, but these 

55. Jones, T. B., and Richardson, E. P.: Surg. Gyiiec, Obst. 42:283 (Feb.) 
1926. 

56. Palmer, J. H.: anad. M. A. J. 16:170 (Feb.) 1926. 

57. Henderson, M. S.: Ann. Stirg. 83:696 (May) 1926. 
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of postinfluenzal pneumonia. Grondahl reports fat embolism in two 
cases of eclampsia, four cases of diabetes, and two cases of phosphorus 
poisoning ; Winkler in two cases of acidosis, and Winogradow as 
occurring regularly in potassium chlorate poisoning. In addition to these 
repeated findings there have been authentic reports of fat embolism 
having occurred, without history of trauma, in one or more cases of 
each of the following conditions : carbon monoxide poisoning,® profound 
sepsis,^® chronic alcoholism,^® chloroform narcosis, diabetic retinitis,^® 
phlegmonous gastritis,®® acute pancreatitis,® chronic tuberculosis,® men- 
strual suppression, hepatitis, splenitis, carcinomatosis and sarcomatosis.® 
(The last five conditions are cited from the literature by Warthin.) 



Fig. 2. — Experimental traumatic fat embolism: lung section (high po'' ^ 
Sudan III) from rabbit killed six hours after destruction of bone marrow o 
single femur. 


For the sake of convenience we can group most of these 
conditions under four main heads : ( 1 ) metabolic disturbances ( la e e^ 
cardiovascular-renal syndrome); (2) poisonings; (3) toxemias m 
acute infections, and (4) toxemias from tissue destruction ( urns 


10. Grondahl (footnote 8). 

11. Winkler: Ztschr. f. orthop. Chir. 45:616, 1924. 

12. Winogradow. Virchows Arch. f. path. Anat. 190:92, 190 . ^ . -^r 

13. Bantin, C. F.: Diabetic Lipemia Retinalis and Fat Embolism, J. A. i • 
86:546 (Feb. 20) 1926. 
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AMPUTATIONS 

Artificial Limbs: Their Relation to the Different Types of Amputa- 
tion Stumps. — ^LeMesurier,®® writing on amputation stumps viewed from 
the standpoint of prosthesis, points out that in spite of all that has been 
published on this subject since the war, few surgeons appear to have 
enough knowledge of artificial limbs to do the best thing for their 
patients. In civil practice, one still sees stumps that have been amputated 
at unsuitable levels, improperly fashioned flaps and joint contractures. 
There has been no general adoption of the temporar}- shrinkage appli- 
ances which result in such great saving of time and money and there 
appears to be a surprising lack of knowledge of even the fundamental 
principles of prosthesis. He is strongly of the opinion that the end 
weight bearing stumps, such as the Sjune and the Stokes-Gritti. give the 
best results, and raises the question whether the results obtained with 
the latter are not even better than those with amputation of the leg 
below the knee. His description of the standard t\'pes of aijpliance to 
be used with the various kinds of amputation is clear, as also the c.\posi- 
tion of the principles of their use. 

Kineplastic Amputation: Arni-Bimotor and Pro.<!fhc.us. — Bosch 
Arana reports the results of his experience with the kineplastic ampu- 
tation in the upper extremity, employing a bimotor made from the 
biceps and triceps muscles. Three factors enter into the success of the 
procedure: the surgical factor, the orthopedic factor and the human 
factor of the individual patient. The latter is the key to complete suc- 
cess. Discussing results, the author states that all of his patients can 
grasp any object of average weight, can lift it to the mouth or either .<;ide 
of the head and can bend the arm or extend it. They can perform all 
the motions of pronation and supination necessary to hold objects or to 
take articles and carry them to the mouth and raise the hajjd in coj7iplete 
abduction so as to form a right angle with the body. 

MISCELLANEOUS 

Cysts of Semilunar Cartilages. — From a study of three ca.'^es ol 
cysts of the semilunar cartilages and from a review of casc.s previously 
reported in the literature, Allison and O'Connor ®- conclude that these 
cysts represent the end-result of a degenerative proce.'^s caused by an 
interference with the blood supply to a portion of the cartilage, the 
exciting cause being a nonlacerating injury. The .'^alient fe;itures com- 
mon to all the cases are: 1. The cysts arc multilocular. 2. They have 

GO. LeMesurier, A. B. : J. Bone & Joint Surg. 8:292 (.April) 1926. 

61. Bosch Arana, G. : Surg. Gyncc. Obsl. 42:416 (March) 1926. 

62. .Allison, X., and O’Connor, D. S. : Surg. Gyncc. Oh;t. 42:2.-9 (I'ch.l 
1926. 
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Trauma, therefore, is not the cause of all fat embolism, nor as a 
corollary is the free fat found in cases associated with trauma necessarily 
all due to the trauma itself. 

Before proceeding to experimental. results that may cast some light on 
the questions (1) from what other sources than depot fat and (2) by what 
other mechanism than trauma does neutral fat appear in the blood, it will 
be well here to suggest a thought that will color the succeeding argument. 
If such other source can be proved, and such other mechanism can be 
demonstrated, then it becomes possible that any case of traumatic fat 
embolism except those fatal within a few minutes may possess a double 
etiolog}^. The importance, of this conception becomes clear in reviewing 
Porter's work on fat embolism and shock. He believed that the shock 
state could be initiated by fat embolism, and he observed fat embolism in 
patients dead of shock. Now shock of a certain type may be regarded as 
an intoxication with products of tissue destruction. If fat embolism 
can occur from chemical changes in the blood (as the review above sug- 
gests) then the embolism observed may be the result of shock rather 
than its cause. 

We present experimental evidence suggesting that (1) there is an 
obvious source of fat in fat embolism, other than depot fat — one that has 
been dismissed by numerous authors with mention only — ^namely, the 
ultramicroscopic emulsion of fat in the normal blood plasma; (2) the 
mechanism by which this physiologic emulsion is coarsened 'so that 
droplets are found of a size capable of producing embolism is that already 
suggested, namely, physical or chemical changes in the blood. 

The physiologic occurrence of fat in the blood plasma varies greatly 
with the state of nutrition. It occurs in ultramicroscopic particles seen 
in the dark field as refractile bodies that exhibit active Brownian move- 
ment.^® The number of these in the organism stan^ed for twenty-four 
hours is very small; under such circumstances it is sometimes almost 
impossible to find one in many fields. Following a rich fat meal, how- 
ever, they' crowd every field so intensely as to make a perceptible increase 
in the amount of light that is refracted into the observer s ey'e. Quan 
titative fat determinations show physiologic variations in blood fat con- 
tent in man from 0.2 to 2 per cent and in the dog from 0.1 to 
per cent.^® In man under pathologic conditions it may' rise as high as 
26 per cent.^® This fine emulsion is the result of resynthesization of the 
fed fat that has been hy'droh'zed in the intestine. It is presumed to je 
stabilized by* soaps formed from fatty' acids also originating from tie 
fed fat in the process of hy'droh'sis. 

14. Porter. W. T.: Boston M. & S. J. 176:248 (Feb. 15) 1917; ibid. 177:326 

(Sept. 6) 1917; Am. J. Phj’siol. 71:277 (Jan.) 1925. • .p. . 

15. Neumann: Centralbl. f. Physiol. 21:102, 1907. Gage, S. H., an 
P. A.: Am. J. Anat. 34:1 (Sept.) 1924. 

16. Leathes and Raper: The Fats, London, 1925, p. 144. 
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Other than manipulative to hesitate. It is his belief that open operative 
interference in this group of cases is practically never indicated, and 
should never be undertaken until after prolonged spica treatment has 
been tried. 

[Ed. Note. — Painter’s study and critical analysis of the evirlcnce in 
favor of sacro-iliac lesions as a cause of backache is a valuable contribu- 
tion and deserves to be read. It is fair to say that we are not in agree- 
ment concerning the relationship of sciatic pain to sacro-iliac lesions. 
While it is the part of wisdom to warn against too hasty operative inter- 
vention now that the technic of arthrodising operations has bccti 
perfected, we recognize that this procedure has a definite place in the 
treatment of certain of these cases.] 

Periarlhritis of the Shoulders . — Schulkof has made a study of the 
periarticular spaces of the shoulder by means of the injection of iodized 
oil, 40 per cent, and various dyes. He finds in practically all cases a 
definite connection between the two large bursae, the subdeltoid and the 
subaxillary. In cases of periarthritis of the shoulder, he has injectefl 
from 30 to 50 cc. of 0.125 per cent solution of procaine into the sub- 
deltoid bursa and found that by this means he was able to relieve the 
pain and to mobilize the shoulder. 

Scapular Myalgia . — Fuerstenberg believes that scapular myalgia 
constitutes a distinct entity, 7'he condition begins rather sudflenly with 
pain in the scapular region, which rapidly increases in severity. It is 
made worse by movement and relieved by rest. The arm ‘:ccms power- 
less and is held rigidly to the side. The muscles of the scapula are tense 
and hard, showing distinct hypertonicity. There is marked tenderness 
on pressure and the skin is hyperesthetic. If the condition lasts, the 
muscles atrophy. The shoulder joint itself shows no limitatir>n of motion. 
The roentgenograms are negative. He believes the ctiudition may 
originate in infection from remote foci, from c-xposure to cold, from 
mechanical strain, but especially from metabolic disturbances, 

[Ed, Note. — B efore making a diagnosis of scapular myalgia one 
must be careful among other jKJSsibilities to eliminate lesions of the 
spine with referred pain to the scapular region. Gireful methods of 
examination have reduced the number of cases of myalgia to the ]/^»int 
that this condition is now rarely diagnosed.] 

Osteochondritis Dissecans . — ^ICoenig.''” in a discussion l)eforc a Ger- 
man surgical congress on o.steochondritis dissecans, stated that the name 
o.steochondritis dissecans is not sufficiently descriptive of the jirfK’c-sc, a' 

65. Schutkof: Zcmrall)!. f. Chir. 53:1364 f^ray 20) 1626. 

66. FuerstenherR : Mundicn. mcd. Wcbn.'^clir.. 73:734 f. April 30 1 1026. 

67. Kocdir: Zctilrallil. f. Chir. 53:1411 (May 20 ( V‘2<i. 
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sions (Premier mill). It is stable over months. Under the microscope 
it shows a much smaller average size of droplets. There are even ultra- 
microscopic dancing refractile bodies such as have been described in the 
blood plasma. 

C. This is the physiologic emulsion of blood serum described as 
occurring after a fat meal. Dogs were fed a pint of cream and bled 
at the end of one and one-half to two hours. The blood was immediately 
defibrinated, the corpuscles removed . by centrifugalization, and the 
creamy serum used. The gross appearance of the serum was the only 
guide to the degree of lipemia. 



Fig. 4 (experiment 9).— Emulsion A, 5 cc., treated with reagents as follows: 
tube 1, none; tube 2, 3 cc. of tap water; tube 3, 3 cc. of 0.7 per cent sodium 
solution; tube 4, 3 cc. of saline extract of fresh muscle; tube 5, 3 cc of sai 
extract of necrotic mtiscle ; tube 6, 3 cc. of same extract as tube ren 
alkaline to litmus. Complete breaking down of emulsion by necrotic mus 
extract should be noted; photographed at ninety hours. 

Differences in the behavior of these three emulsions to various agent 

occurred, as will be seen hereafter. 

Each series of breakdown experiments was controlled by tu es co 
taining die untreated emulsion, . and dilutions of the emulsion witi ap 
water and physiologic sodium chloride solution. In no instance in w 
the emulsion was properly made did more than a minimal freeing o 
oil occur in these controls. Only satis factoril}'^ controlled emu 
were recorded. 




WILSON ET AL.— PROGRESS IN ORTHOPEDIC SURGERY 619 


result of overfatigue in a weak foot, with resulting spasm of the intcr- 
ossei muscles, circulatory stasis, thickening of the periosteum and brit- 
tleness of tlie bon)’’ tissue, eventually leading to fracture. 

Roentgenologic Obsei'vations in HcnwfiJiiliac Joints. — Doub and 
Davidson '* classify the roentgenologic observations in hemophiliac joints 
in two groups: the early cases without destructive changes and the 
advanced cases with destructive changes. In the first group, there is 
simple effusion of blood, which may or may not show calcification. 
There is thickening of the joint capsule and lipping similar to that of 
hypertrophic arthritis. In the second group, there is organized blood 
clot in the synovial cavity, punched-out areas of bone destruction in the 
epiphyses and points of cartilaginous destruction in the articular 
surfaces. 

Lateral Roentgenography of the Hip Joint. — Beclcre and Porchcr *•" 
have made a study of various possible methods of obtaining lateral 
roentgenograms of the hip joints. The jxjsitions used were as follows : 
1, The patient lies supine, the unaffected hip being flexed 90 degrees. 
The rays are directed upward from below the ischial tuberosity on the 
opposite side, passing through the adductor mu.sclcs of the affected hip. 
The plate is placed in close apposition to the trochanter, and the leg is 
in complete e-\tension, the patella facing upward. 2. The i)atient lies 
supine with the legs fully extended. The rays enter on the side of the 
hip to be examined above the trochanter, and the plate is placed against 
the adductor muscles, perpendicular to the table. 3. The patient lies 
midway between the lateral and the prone positions. The plate is placed 
anterior to the trochanter, and the rays are directed laterally anfl ante- 
riorly through the buttock. 4. The patient lies on the side, but rolled 
a little backward so that the rays may enter just above the pubes, the 
plate being placed beneath the trochanter. 5. The patient lies supine. 
The rays enter above the ilium of the opposite side and pass through 
the body to reach the hip, the plate being jflaced against the trochanter 
and perpendicular to the table. 6. The patient lies prone at the edge of 
the table, the affected hip being slightly flexed with the leg extending 
down to the floor. The rays enter jx>steriorly and above the trochanter, 
the plate being placed anterior to the hip. 7. The patient lic.c suju'ne. 
with the hip flexed to 90 degrees, and in a position of forced abduction. 
The rays are directed toward the hip from in front near the median line, 
the plate being placed behind. The authors state that the cleare.-^t i>ut- 
line of the acetabulum is obtained in the first, third, fifth and .‘’eventh 
positions. 


72. Doiib. H. P., and Davidson. E. C. : Radiolopy 6:217 ( March > 192''>. 

73. Bcclere, H., and Porclier, P.: J. dc radio!, ct dclcctrol. 10:97 <'.Marc;ii 
1926. 
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Soap Prccipitaiifs . — Calcium lactate,' magnesium sulphate, manganese 
chloride, cobalt nitrate and all soluble salts of the hea-vy metals -ivill 
displace the potassium in the emulsifying soap and precipitate an insolu- 
ble soap. There is rapid clearing of the oil in a solid layer on the surface. 
Acids and Alkalis . — On the basis of only a few observations, it is 
probable that marked variations in acidity in eitlier direction will free 
the fat in this emulsion. A volume of tenth normal hydrochloric acid or 
sodium hydroxide added to an equal volume of emulsion is moderately 
effective. 



Fig, 6 (experiment 19).— Emulsion A, 5 cc., treated with ^ tube 3, 

tube I 5 cc. of tap water; tube 2. 3 cc. of- 1 per cent 

3 cc. of 0.1- per cent histamine solution; tube 4, 3 cc. of 1 pe_ . 6, 

cholate solution; tube S. 3 cc. of 1 per cent sodium t^'^rocholate 
3 cc. of fresh dog bile. Tube 3, treated with histamine, shows ^ 

of emulsion, which occurred in a few seconds; photographed at f y S 

Products of Protein Decomposition.— Necrotic Mqscle: 
in physiologic sodium chloride solution, of ’ ’ptic 

comse, not be calibrated.. The muscle was 
isolation or in vitro, and was ground in a mortar with the 
The mixture was filtered through gauze, forming a ou , . ' 

liquid. The effect of this extract was uniformly prompt a P ^ 
One failure was recorded. The reaction of the extract wa 
alkaline to litmus and methyl red with sodium hydroxide wit 
tion of its property of breaking the emulsion. 






I ^ 35). Emulsion A, 5 cc., treated with reagents as follows: 

t^ube 1, none; tube 2, 3 cc. 1 per cent calcium lactate; tube 3, 3 cc. 0.2 per cent 
tustamme; tube 4, 3 cc. 1 per cent peptone; tube S, 3 cc. 0.5 per cent hemoglobin; 

^ j’ saponin. Calcium lactate, histamine and peptone show 

comp ete breakdown, hemoglobin and saponin partial breakdown ; photographed 
at forty-eight hour.s. 



Same tubes as shown in figure 8 photographed at nine daj’S to show 
permanence of the reaction. 
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Stream in pulmonary fat embolism, there must first be injury to the fattv 
tissue and, second, a break in the continuity of the blood stream." '• "Fat 
embolism is an acute circulator}* disturbance caused by trauma." ® “The 
cause is always trauma.” ® “Fat in the minute particles of emulsification 
or saponification plays little if any important role in the production of 
embolism.” ‘ Evidence is not produced to support tliese statements. 

There is no question of the occurrence of traumatic fat embolism, 
but there is equally no question that trauma is not the only cause of fat 
embolism. The following observations recorded in the literature of the 



Fj’g. 1. — Experimental traumatic fat embolism: lung section fsud.nn IlH from 
dog following multiple skull fractures. 

subject demonstrate the inadequacy of the traumatic cf»ncc*ption to cover 
all cases. 

Carrara ® reports fat embolism present at necropsy in 22 per cent 
of deaths from cardiovascular-renal disease and in 44 per cent of burns. 
Catsaras ® found fat emboli in the lungs in eightccti of sixty-seven ca-C' 

5. Sutton, G. E.: .\nn. Surg. 76:5S1 (Nov.t 1922. 

6. Gauss, H.: Palhologj* of Fat Embolism, .^rcb. Surg. 9:593 fNov.' 3924 

7. Elting, A. W., and Martin, C. E.: .^nn. Surg. S2:3.''j fStj>t.^ FO,'. 

S. Carrara: Friedreich *s Bl. f. gerichfl. med. 49:, cited b.v V.'nrt)":: 
(footnote 1) and Grond.ahl, Dcut.sche Zt«clir. f. Gu‘r. 111:59. 1011. 

9. Catsaras, J. : Presse med. 2S;61S (Sept. 41 192*''. 
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were added. There is, however, no question that necrotic muscle extract, 
peptone and histamine are all active in breaking down even so stable 
an emulsion as this. 

The only difference in composition, to repeat, between- emulsion A 
and emulsion B is in the fineness of the oil droplets. As we have said, 
on this fineness, among other things, hangs the stability of the emulsion. 
These findings, therefore, fit in with the theory of emulsions. More 
important for our purposes, however, they also help to explain the 
observations next to be detailed. 



Fig. 10 (experiment 80) .—Emulsion B, 5 cc., treated 
tube T. 3 cc. of 0.7 per cent sodium chloride solution; ^"l^^Ynuscle ti be 4, 
extract of fresh muscle; tube 3. 3 cc. of saline extract of ^ 'Zi' soLtion ; 
3 cc. of 0.2 per cent histamine solution; tube 5, 3 cc. of 1 per cen p p 
tube 6. 3 cc. of 2 per cent calcium lactate solution, definite fr ^ 

tubes 4. 5 and 6: tube 3 showed a less degree of wn of the emulsion; 

not obvious in the photograph ; controls showed no breakdown 


photographed at ninetj'-six hours. 


EMULSION C (fig. 11) 

Theoretically an ultramicroscopic emulsion of fat m blood serum 
might be expected to react in a manner similar to the reac 
coarser artificial emulsions, provided only that^ proper a er 
proportions are made. Actually, with one exception as escri 


« 


lehman-^ioore-fat £:.: 5 Jir 5 -L 

(It must be remembered that marked tissue 
Lw cases of fat embolism that are asenbea 
These diverse types of disease have m coauxiO-^ o-} - 
element of marked chemical and physical aIte.,.tiQus or 
From these observations it becomes clear 
not infrequent finding at postmortem in a vanety^i ^ 
many conditions in which it has been observed^ 
part; (3) those nontrauraatic conditions in vrhlca n n 
largely associated with chemical or physical changes in . 


:e very 
■= 


• £:sr.-eru. 


bas ninyei nc 
s cccrrmec a-c 
:e tirc'i. 



Fig. 3.— Experimental traumatic fat erer/iinre : s<%.‘Scr; 

Ill) from similar cx[»eriffleiJt to that sho%T. ir. uyy.r*-. 'i. 


t c tact mav be here w/tm. ranreir, fha.t ft; h^'/r 
fat embolism, the amount of fat tonrid in the p, 

disproportionately great to the arnwnt of d.v>t fa.‘ aovraf:;/ drte'pf/d by 
the injury. Warthin * .‘itate.-,, *‘7 here tio 
between the apparent injury and the degree: of fhe fOV^'Ai/y 
Llting and Martin state,* *‘lhe arnottn* of fa? y/f.Po af.d i/, fa'a? 
cases is deposited in the capillaries h. aj>;/ar«,ft;/ oP'? of proy/^fdo;. ?o 7 /oa< 
would be regarded as the normal arnotmf of fa? ft: ib" frae/.-.a *;///? a?v'a. 
Some observers have thought fl«af fh^rre r/c y*,e o<'/r .C 

the free fat, but nrme has as ;,v:t U-m d'*)'*';fra?e/f/' 
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A second possible reason for failure with emulsion C is in the 
enormous complexity of the external phase of the emulsion as contrasted 
with the simplicity of the external phase of the artificial emulsions. We 
are ignorant of what the effect of this difference may be on the stability 
of the emulsion. We attempted, however, to avoid the issue by washing 
the emulsion in physiologic sodium chloride solution through repeated 
dilution and centrifugalization. Apparently, the extreme agitation of 
the latter process acts much as tlie churn acts on cream. The emulsion 
agglomerated and could not again be dispersed. 

A third reason lies in the possibility that some colloid other than soap 
is the emulsifying agent in this physiologic emulsion. Theoretically, this 
possibility should react unfavorably only on action by the soap precipi- 
tants. As we have said, calcium lactate may have had a slight breakdown 
effect on one or two occasions. 

The fourth to be suggested and probably the real reason for the inef- 
fectiveness of our reagents, lies in the fineness of the emulsion. If there 
is so marked a difference in the degree of reaction between emulsions 
A and B (figs. 6 and 10, histamine tubes), in which the difference in 
fineness is only moderate, then one can readily expect a much greater 
difference in reaction between B and C, in which the difference in the 
fineness is extreme. The surface tension relationships of emulsion C 
must demand much more marked changes in the tension of the envelop- 
ing phase than do the corresponding relationships of the coarser emulsion. 

We do not feel that our experiments so far have exhausted the 
possibilities of demonstrating similar reactions in the plasma emulsion 
to those in the artificial emulsion. By other variations of the surface 
tension, of the pa, of the viscosity of the blood serum, etc., it may be 
that the lipemic serum can be rendered sensitive to the reagents we have 
used. Such variations, of course, do occur in the blood stream in most 
conditions in which fat embolism occurs. These experiments will be 
undertaken as soon as opportunity arises. 

We have noted one exception to the inertness of our reagents m 
experiments on emulsion C. That exception is the least interesting in 
regard to our fundamental argument, but has led to interesting in vivo 
results. The lipemic emulsion is immediately cleared with ether. Tins 
is well shown in figure 11, taken facing the light to show the transparencj 
of the serum after treatment. 

This observation is, of course, nothing new, but its application to 
the problem of fat embolism has led to the experimental production o 
fat embolism without trauma. The result will be described in tie 
paragraphs detailing our in vivo experiments. 
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Fischer and Hooker,*' in prefacing their interesting speculations on 
fatty degeneration, studied the formation of emulsions. The problem 
that faced us in regard to the origin of fat emboli from nonnal i)laMna 
fat was one of the breakdown of emulsions. Such a study led to inter- 
esting and suggestive results. 

Emulsions are the simplest types of colloids and have been largely 
used, therefore, for the study of colloid behavior. They consist of two 
phases, an external and an internal phase, that is. the medium in which 
a substance is emulsified and the substance so emulsified. There is also 
the interphase, which is the term applied to the multij)lc surfaces separat- 
ing the two phases. In certain emulsions this ijiterphasc is occupied by 
a film of a colloid such as soap. The stability of the emulsion depeiifls 
on the difference in surface tension between the external and the internal 
phase. This, in turn, is a matter of ionic concentration on the rcsjK-ctive 
surfaces, and varies inversely with the size of the emulsified droj)lets. In 
emulsions held by a colloid, it depends on the integrity of the colloid film. 

From this brief consideration of the theory of emulsions it becomes 
evident that (1) an alteration in surface tension relationship and (’2) 
an attack on the interphase are the two logical methods of attempting 
breakdown of emulsions. Dessication and other processes associated 
with changes of ionic concentration are the commonest cxamj)les of the 
former method. Precipitation of a potassium soap film with calcium 
salts is an example of the latter. Emulsions of oil in water will break 
down under treatment with a fat solvent. In addition, we have founrl 
certain reagents to be active in the breakdown of emulsions, the nature 
of whose action is unexplained. It is probable that these substance>;. 
histamine, peptone, necrotic muscle extract, etc., act by altering surface 
tension. We have in view certain experiments on surface tension tn 
determine this point. 


IX VITRO EXPERIMENT.s 

We have used three emulsions which we will designate A. Ji and 

A. An ordinary emulsion of olive or cottonseed oil in water made in 
the proportions of 75 cc. of oil to 25 cc. of water with from -1 tn 5 cc. of 
potassium soap added as the emulsifying agent. This emulsion is nin'le 
by fractional grinding of the oil into the water in a mortar. It i< fairly 
.stable. Less than 5 per cent of the oil will sej)arate out on ^t:^ndiIlL' 
for five days (fig. 4). Under the microscojre it shows fat <!ro;>let' v.iry- 
itig from 2 or 3 microns up to large globules filling the fiebl. 

B. This emulsion dilTers from A only in the finene-^ of tb.e dro; !* ;-. 
It is made of olive oil and water in the same proportioii but it i' gr. ur.d 
under pressure by a m.acliine made for commercial pre]»r.ratii.n of cnul- 


17. Fischer and Hooker; 


Fars and Fatly Decener.'it; n. Xcv, V< 


:o:t. 
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^ Tissue was placed in formaldehyde immediately on the death of the 
animal. .At the end of twenty-four hours or more of hardening, it was 
cut by the freezing microtome, stained with sudan III, and mounted in 
• glycerine. In lemoving lungs for hardening, we made comparisons in 
many animals between one lung from which the blood was allowed to 
drain and the other of which the hilum was ligated before division. In 
the same animal no difference between the amounts of fat in the two 
lungs thus treated could be detected. In later experiments, therefore, 
no ligation was done. 

All observers agree that in any type of fat embolism, even when 
experimentally produced by the arterial injection of an extremity, most 
of the fat is found in the lungs. This is usually explained on the basis 
of the lower arterial pressure and the greater distensibility of the capil- 
laries here. Whatever the cause, the lungs furnish the most useful index 
for the presence of fat embolism. Although kidneys, medulla and liver 
were preserved from most experimental animals, the conclusions of 
this portion of our studies are based largely on the lung findings, 

Sudan III demonstrates normal fat in the lung of the dog in three 
different sites : 1. About the large bronchi there are often found a few 
cells of normal adipose tissue. 2. In the epithelial cells of the bronchial 
mucosa and in some animals even of the mucosa of the finer bronchioles 


are found droplets of fat. In cross sections of the bronchus these are 
not confusing, but in tangential section they may mislead the observer. 
3. Finally, throughout the capillaries of the lung, most profuse in the 
periphery directly under the pleura, many leukocytes are found, even 
in dogs starved for twenty-four hours, that show ingested fat globules 
varying in diameter from just visible points to 3 or 4 microns. These 


are usually easily recognized if the observer is alert for them. 

However, we have found that any or all of these normal deposits of 
fat may falsify results in a manner not mentioned by any previous 
experimenter. If the tissue is not completely frozen, the microtome 
knife can pick up fat droplets in passing and spread them through the 
section. This danger became obvious to us on one occasion when.s^tions 
from the same block of tissue cut with a failing tank of carbon dioxide 
and with a fresh tank showed, in the first instance, what might easi } 
pass for fat embolism and, in the second instance, nothing but the norma 
fat. With this experience to warn us, we took pains to insure complete 
solidification of the entire tissue, including the fat, before cutting. 

A source of error that we controlled in many observations was t e 


accidental presence of fat on the slides on which the sections were 
stained. These were frequently washed with ether before staining. ' ® 
feel, however, that this is an unnecessary refinement for two reasons, n 
the first place, many exudates and a large proportion of the contros, 
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CALCIUM LACTATE AND HISTAMINE INJECTION 

Although neither calcium lactate nor histamine gave definitely positive 
results in destroying serum emulsions in the test tube, it was considered 
possible that under physiologic conditions in the blood stream, the effect 
observed in treatment of artificial emulsions by these reagents might be 
obtained. Attempts were therefore made to bathe the blood stream for 
a considerable period in one or the other of these substances. In order 
to intensify possible effects, a digestive lipemia was established. Dogs 
were weighed and fed from 1 to one-half pint (473.1 to 236,5 cc.) of 
cream. At the same time they were given 0,1 Gm. of amythal per 
kilogram (isoamyl ethyl barbituric acid) administered by stomach tube. 
Once the same dose was given by intramuscular injection somewhat 
later. One experiment was done under local anesthesia alone. From 
two to four hours after feeding, the jugular vein was exposed and a 
cannula inserted. Through the cannula the solution was run under 
gravity in small amounts at brief intervals. Injection was continued 
until death occurred or until at least two hours had elapsed. 

There is no need to report these experiments in further detail. Three 
experiments were done with calcium lactate and three with histamine. 
In none of the six did frank unmistakable embolism occur. This group 
of studies was not pursued further, as our attention was diverted by 
the striking results obtained with ether. However, as is the case with 
the corresponding test tube investigations, the experiments cited are not 
considered exhaustive. The conditions of the experiments must be 
varied greatly and many more repetitions must be made before we can 
pronounce them completely negative. In addition, experiments with 
peptone, necrotic muscle extract, bile and pancreatic juice must be 
carried out. All these procedures are contemplated for the immediate 
future. 

The dogs in this series that show no free fat whatever in the lungs 
appear among the controls for the next series of experiments (table 4). 

ETHER ADMINISTRATION 

Two types of experiments were performed, namely, administration of 
ether (1) intravenously and (2) by inhalation, A discussion of t e 
controls will follow the description of these experiments, 

■ Intravenous Ethel’ (Tables 1 and 2). — Seven dogs were given var} 
ing quantities of ether intravenously after a fat meal, and four star\e 
dogs were similarly treated. The tables furnish most of the detai s o 
the experiments and their results. - 

Columns 1 to 4 inclusive in table I are self explanatory, Co umn 
(chylomicron estimate of lipemia) records our check on the igos ion 
and absorption of fat. As cited by Leathes and Raper,^® Terroine 
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Peptone: Commercial peptone (“bacteriologic”) was used in a 
1 per cent solution. It appeared somewhat less efficient than either 
necrotic muscle extract or histamine, but definite freeing of oil never 
failed to occur. 

Histamine: The instantaneous and complete breakdown of this 
emulsion by histamine in dilution of 0.2 per cent and even of 0.1 per cent 
is striking. Three cubic centimeters of histamine 0,1 per cent solution 
added to 5 cc. of emulsion frees all the oil before inversion of the tube 
can be completed (fig. 6). This observation is constant in many 



Fig. 7 (experiment 22) . — Emulsion A, 3 cc., treated with reagents as follows ; 
tube 1, none; tube 2, 3 cc. of tap water; tube 3, 3 cc. of 0.7 per cent sodium 
chloride solution ; tube 4, 1 cc. of 1 per cent peptone solution ; tube S, 3 cc. of 1 
per cent peptone solution; tube 6, 3 cc. of 1 per cent saponin. Photographed at 
twenty-four hours. 

repetitions. The reaction of the histamine solution may also be varied 
on both sides of neutral (to methyl red) without effect on this property. 

Hemoglobin: We group hemoglobin here because it is probable 
that the samples we used were partially decomposed with the consequent 
presence of histamine. The solutions had a definitely foul odor. The 
action was not constant, but at least partial breakdown of the emulsion 
came to be expected. It is interesting to obsen,'e that fresh hemoglobin 
as represented in fresh muscle extracts apparently had no effect. 
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observed diiferences in degree of lipemia in difFerenfdogs under similar 
conditions. We have in most instances made a rough estimate of the 
degree of lipemia following the fat meal by observing the richness of 
the blood in dancing particles under the dark field microscope. Columns 
6 and 7 need no comment. Columns' 8, 9 and 10 control the factor of 
possible traumatic embolism. We have remarked that concussion with- 
out fracture can produce fat embolism. We have considered it pos- 
sible that the struggling of early anesthesia, retching and sharp pressure 
on thorax and abdomen (as in artificial respiration) might conceivably 
have similar effects. The amount of trauma (column 10) is recorded 
as “very slight” when only the struggling, attendant on induction of 
anesthesia, occurred, and as “slight” when either of the other two factors 
was present. Incision into fat tissue in the neck to expose the jugular 
vein is a constant concomitant of these experiments and adds a minute 
traumatic element. The occurrence of vomiting (column 8) is a check 


Table 2. — Results of Intravenous Ether Anesthesia in Dogs Starved 

Twenty-Four Hours 


Weight 

of 

Dog Chylomicron 


Quantity 

of 

Ether 

Amount 

of 

Amount 

of 

Artificial Amount 


in 

Estimntc of 

Duration of 

Admin- 

Vomit- 

Bespl- 

Of 

Dog 

Kg. 

Lipemia 

Anesthesia 

istered 

ing 

rotlon 

Trauma 

23 

0 

Extremely 

light 

43- minutes 

?cc. 

Kone 

None 

Very 

slight 

21 

13 

Extremely 

light 

Extremely 

light 

50 minutes 

23 cc. 

None 

None 

Very 

slight 

Very 

slight 

25 

5 

39 minutes 

Ccc. 

None 

None 

41 

8 

Extremely 

light 

18 minutes 

See. 

None 

5 minutes 

Siight 


Amount Amount 
o{ Pul- oi 
monnry Pat Em- 
Edema Bollsm 

Slight Verylevr 
emboli 

Fatal Ko 
emboli 
Fatal A few 
emboli 
Slight Many 
emboli 


also on the possibility that fat found in the lungs might have been 
aspirated. Column 11 (amount of pulmonary edema) records an inter- 
esting finding. Eight of the eleven dogs died unquestionably from 
pulmonary edema and in the remaining three dogs pulmonary edema was 
definitely present. This effect of intravenous ether is in striking contrast 
to the effects observed in the dogs given prolonged inhalation anesthesia 
(table 3)'. In none of the latter was the edema fatal. In the intra 
venous experiments, frothy pink fluid to the amount of 100 cc. or more 
poured from the nose and mouth. This pulmonary edema is not to e 
confused with that frequently described as associated with fat embo ism. 
It is purely toxic in origin. The reason for this assertion is that tie 
degree of fat embolism produced in these dogs did not even approaci 
that which can be caused by intravenous injection of oil without the pro 
duction of edema. Column 12 can best be understood by referring o 
the paragraphs above on the criteria for diagnosis of fat embolism. 

When we survey this table, judgment must be reserved on the possi i e 
sources of error until the discussion of controls (table 4) has been rea . 

Table 2 needs no comment other than that given for the correspon 
ing columns above in table 1. 
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The emulsion was treated on one occasion with the senmi of a dog 
dead of experimental intestinal obstruction (fig. 5) and with the content 
of the obstructed loop. The result was a partial breakdown of the 
emulsion. This is recorded here only as a single observation which may 
confirm other analogous observations but on which, by itself, no weight 
should be put. 

Other Substances : In one observ-ation of pancreatin (commercial) 
and one of fresh pancreatic juice of the dog, there was ^complete break- 
down of the emulsion (fig. 5). 

Fresh Dog Bile: In two observations there was partial breakdown 
of the emulsion (fig. 6) . 

Sodium Taurocholate and Sodium Glycocholate (2 per cent solu- 
tion) : In one observation there was no breakdown of the emulsion 
(fig. 6). 

Saponin: In three observations of a 1 per cent saponin solution, 
partial breakdown of the emulsion occurred twice (fig. 7). 

■ Glucose : One observ'ation was made with a 10 per cent solution of 
glucose prepared for intravenous medication. There was moderate 
breakdown of the emulsion. 

EMULSION B (fig. 10) 

Most of the foregoing reagents were tested repeatedly with the 
finer type of emulsion. The soap precipitants, hydrochloric acid and the 
various products of protein decomposition acted in a similar manner to 
emulsion A, except as noted below. Pancreatic juice, bile and bile salts 
were not employed. It was found that ether acts quite otherwise than 
with the coarse emulsion. The addition of ether immediately results in 
a gel resembling petroleum jelly, which is permanent on long standing 
in the test tube. If it is spread out on a flat surface, the ether rapidly 
evaporates, freeing the oil and water. If a large excess of ether is used, 
e. g., 20 : 1, the gel is fine and flocculent and, in the course of a half-hour, 
disappears. Evaporation of the ether then leaves the oil and water in 
separate layers. If the ether is poured from the gel in the test tube and 
more ether is added, the oil fraction of the gel may promptly go into 
solution. In other words, the ultimate fate of the emulsion, when treated 
with ether with evaporation permitted, is destruction. 

. The striking difference in reaction between this emulsion and emul- 
sion A is in the speed and completeness of the breakdown. \\’hereas 
the most active agent we studied, histamine, will destroy emulsion A in 
a few seconds, equal proportions wdll take several minutes to effect a 
change in emulsion B, and the freeing of the oil even after days is 
rarely complete. A layer of untouched emulsion lies between the watery 
layer below and the layer of oil above. This difference is well illustrated 
in figure 10, which was photographed ninety-six hours after the reagents 
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studies report a diminution of chylomicron counts during ether anesthe- 
sia, This finding has been confirmed by us in the next series of experi- 
ments to be reported, Eloor, on the contrary, found a rise of as much 
as 50 per cent in the blood fat during ether administration using chemical 
methods. These two findings, considered contradictory by Schroeder 
and Holt, are really not so. The diminution in chylomicron count does 
not mean diminution in blood fat. The physical state of the fat is simply 
altered so that it is no longer visible as chylomicrons. A diminution of 
chylomicron count can proceed simultaneously with an increase in total 
blood fat, and to accept Bloor’s results, probably does. This increase in 



Fig. 12.— Lung of dog 18 after intravenous ether, under low power (sudan III) 


fat may be due to the solution of depot fat by the ether vapor circu ati g 
with the blood. If fat is so dissolved, then its relation to the owen g 
of the ether vapor tension in the blood is exactly the same as t ia 
the dissolved chylomicron fat. That is, fat emboli would resu . 
other words, somewhat less fat is available in the starve ogs 
in the fat fed dogs ; but enough fat can be taken up by the circu 

ether vapor to create embolism. d 13) 

Exaiuination of these lungs stained with sudan III (figs* 
shows* not only the ordinary drops that fill capillaries but a so a 
much finer droplet from about 2 to 7 microns in diameter. 
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we were able to demonstrate no definite result with any of our reagents. 
On two occasions there was a doubtful freeing of fat following the addi- 
tion of calcium lactate, and a similar doubtful change following the 
addition of a crystal of histamine. 

Many reasons for this failure can be suggested. In the first place, 
technical difficulties are great. When the lipemic serum stands, the 
emulsion rises to the top within a few hours as a cream, which consists, 
at first, entirely of ultramicroscopic particles, the chylomicrons of Gage 
and Fish.^® In the course of da\'s, possibly from dessication, possibly 



Fig. 11 (experiment 79). — Emulsion C (lipemic serum) : this photograph was 
taken with a yellow screen and facing the light to show changes in transparency' ; 
the left tube of each pair shows the untreated emulsion ; the right tube shows the 
emulsion treated with ether. 

from putrefactive changes in the serum, possibly from other causes, 
free fat appears spontaneously. This, of course, confuses the reading 
of the experimental tubes. We have attempted to overcome this difficulty 
by using micro methods of reading within twent>'-four hours of the 
experiment. Staining the cream for fat and observation under the 
darkfield microscope gave no added information. Attempts to demon- 
strate differences in the “greasiness” of the emulsion by allowing it to 
soak into paper were equally without result. 


18. Gage and Fish (footnote 15, second reference). 
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PROTOCOL 

Experimext 84.~Dog 47; April 10, 1926; weight, 6 Kg. 

10:00 a. m. Given one-half pint (236.5 cc.) of cream by’ stomach tube. 

12 ; 00 m. Ether anesthesia begun ; no retching or violent struggling. 

12 ; 30 p. m. Heavy grade lipemia. (This, and corresponding observations below, 
refer only to chylomicron estimates under the dark field microscope.) 
1 : 45 Still heavy lipemia. 

2:45 Moderatelj' heav}' lipemia. 

5 : 10 Moderate lipemia. 

5:30 Anesthesia crowded to fatal termination. 

Total: 5)4 hours; 21-22 ounces (621-650 .cc.) of ether. 



Fig. 14.— Lung of dog 47 after inhalation ether, under high power (sudan HI)- 


Throughout the entire period of the anesthetic there was no^ ^^^”Vwas 
increase in respiratory effort and no vomiting or retching. The dog s 
kept forward with a hemostat. The comeal reflex was present at a 
Early in the experiment a 2 cm. linear incision was made through t e s 'in 
inguinal region and a blood drop was secured for estimate of lipemia y 
a minute subcutaneous vessel. No appreciable loss of blood occurre 

was no disturbance of any fat depot. ' a ' f rnial- 

The lungs were removed without ligation of the hilum and place m 

dehyde. r f t {Uss. H 

Microscopic examination with sudan III showed areas of embo ic a 

and 15). 
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SUMMARY OF IX \’ITRO EXPERIMENTS 

1. Artificial soap-held emulsions of oil in water are destroyed, among 
other substances, by four classes of reagents, viz., (a) fat solvents. 
(b) soap precipitants, (c) acids and alkalis and (d) products of protein 
decomposition. 

2. The rapidin* and completeness of the effect varies with the fine- 
ness of the emulsified oil. The finer the emulsion, the less efficient is 
the reagent. 

3. The physiologic emulsion of fat in blood serum seems to be 
destroyed only by the fat solvents. 

4. On a theoretical basis no good reason for this difference can be 
adduced, except the greater fineness of the lipemic emulsion. Experi- 
ments on points 3 and 4 are not yet complete. 

IX \TVO EXPERIMENTS 

Recapitulation of the results of study of the literature and of our 
test tube experiments leads to three important conclusions, viz.. 1. Xot 
all fat embolism is of traumatic origin. 2. The normal emulsion of fat 
in the blood stream is a possible source of fat in nontraumatic fat 
embolism. 3. The action of certain substances which are present in 
the blood stream in pathologic states offers, on the basis of experiments 
with artificial emulsions, a possible mechanism for the freeing of this 
fat from the emulsified state. Attempts to demonstrate the operation of 
this mechanism in the blood serum in vitro have not succeeded. 

Attempts to produce nontraumatic fat embolism in vivo may be 
divided into two groups. In the first of these, calcium lactate and 
histamine, substances not definitely effective in vitro, were employed. 
In the second we made use of ether, which gave positive results in the 
test tube. 

Before we detail these experiments, it is important to define technical 
procedures and standards on which estimation of the results depends. 
An experience covering the examination of over 250 microscopic sections 
for fat has shown us that decision on the presence or absence of fat 
embolism is not always easy. Certain pitfalls into which many ob-servers 
have undoubtedly fallen are mentioned by some experimenters, partic- 
ularly Caldwell and Huber.^® 

The problem of staining on which many authors lay stress has not 
offered difficulties to us. Throughout %ve have used sudan III in the 
form of a saturated solution in 70 per cent alcohol. In eveiv' section 
examined, normal fat in the tissue such as that described below, took the 
stain clearly and thereby automatically controlled the staining of 
pathologic fat. 


19. Caldwell and Huber (footnote 4, sixth reference). 



These experiments confirm the finding that ether vapor in the blood 
stream will produce fat embolism, at least in the presence of digestive 
lipemia. They further show that the introduction of ether by inhalation 
is possibly more effective than by intravenous injection. Dog 46 
(figs. 16 and 17) showed throughout both lungs at least as great a 
degree of embolism as we have produced with- the intravenous injection 
of pure olive oil in amounts of 1 cc. per kilogram, and dog 52 showed 
almost as much. Both of these were far greater than amihing seen mth 
intravenous ether. Figures IS and 19 show lung fields from two other 
dogs of this series. Figure 19 from the lung of dog 50 illustrates what 
is meant by the description in table 3 — “a few emboli/’ 






Fig. 17.— Kidnej' of dog 46 after inhalation ether, under low power (sudan IID- 


The reason for the difference between the results in the intratenoir 
ind in the inhalation methods of administration is probabh the fact ^ 
in the former the blood stream ■was bathed in- ether for a shorter 
Jhan in the latter. The toxic effect of intravenous ether on Ae lung 
rapidly produces a pulmonary edema that cuts short the experiment 
1 relative!}* brief period by killing the animal. . . 

One experiment (dog 51) ■n'as done with a short ether anes esia 
Sfteen minutes. An interesting finding here, in addition to the occm ^ 
rence of embolism, "n’as that the embolic fat was on the averse m 
nuch finer state of dirision than in any other dog of this series, n o ^ 
words, the process of agglomeration had not had time to progres- 
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were stained on unprepared glassware with negative results. In the 
second place, our criteria for positive results as outlined in the next 
paragraphs automatically rule out accidental droplets. 

With these sources of possible error in mind, the interpretation of 
stained fat not in the three sites mentioned is often difficult. To guide 
us in deciding whether or not fat droplets seen in lung sections were 
embolic fat, we took into consideration in every instance ( 1 ) the amount 
of free fat seen; (2) its distribution in sections taken from different 
areas of both lungs; (3) its distribution in any one section in relation 
to bronchi, and (4) its unequivocal presence in capillaries. 

No lung was considered to present evidence of fat embolism on the 
basis of one or two fat droplets to a section. The sources of error 
described could easily account for that amount. In addition no measure- 
ment of the amount of trauma that will liberate fat has been or can 
easily be made. All the dogs were subjected to trauma, if one includes 
in that term the amount of constraint necessary to control a dog strug- 
gling under an anesthetic. Such slight mechanical disturbance might 
account for minimal freeing of fat from the depots, A profuse amount 
of fat was usually unequivocal. In between these two grades there were 
a few animals in which the other criteria governed. 

A diagnosis of fat embolism was made only if fat droplets were found 
in almost all fields in at least three sections from different areas of the 
two lungs. The distribution of emboli, even in the experimental injection 
of fat, is irregular. Some sections will be rich in fat, others will show 
little or none. For that reason one or two negative sections do not 
invalidate three or more positive sections. In the same sense, negative 
fields in an otherwise positive section are not of importance. The more 
sparse the fat, the more thoroughly we insist on wide distribution before 
diagnosing embolism. 

In certain sections, the fat obsen^ed was found to be in fairly close 
relation to large bronchi. This fat was ignored in making the diagnosis. 
There was a possibility that it might have been spread by the microtome 
knife, or that it might be in the mucosa of a branch bronchus approaching 
the main stem and cut tangentially. Particularly in the fat fed dogs 
it might represent intragastric fat, vomited and aspirated. In one animal 
this had undoubtedly occurred. 

Finally, no diagnosis of fat embolism was made unless the section 
showed definitel}’^ that some of the fat was in the capillaries. It need not 
all be in the capillaries, as embolic fat rapidly passes into the alveoli, 
Warthin ^ made use of this fact in diagnosing fat embolism clinically 
from the presence of fat in the sputum. 

The absence of fat embolism as exemplified by control experiments 
will be taken up when they are discussed. 
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Five of the nine dogs in this series had repeated estimations of 
chylomicrons in the blood throughout the course of the anesthesia. In 
all there was a gradually diminishing niiniber. 

What has been said as to the probable mechanism of the appearance 
of emboli following intravenous injection of ether will hold in regard 
to the inhalation experiments. The method of introduction of the ether 
into the blood stream is immaterial. 

Controls (table 4). — ^The presence of fat embolism in the experi- 
mental dogs is for the most part unmistakable. Certain of them, how- 
ever, showed minimal degrees. What degree of trauma will cause a 
minimal degree of fat embolism is not known. What alterations in 
chemical and physical characteristics of the blood will do the same is 
equally unknown. That normal blood with moderate fat content shows 


Table 4. — Control Dogs 


Amount Cliylomicron 



Weiglit 
in Kilo- 

Of 

Crenm 

Estimate 

of 

Anesthesia 

Mode 

Dog 

ffrnms 

Fed 

Lipemia 

Used 

of Death 

1 

10 

None 

Not done 

Ether 20 hours 

High intestinal 

9 

3A 

None 

Not done 

before death 

0.3 6m. Barbituric 

obstruction 

Histamine 

10 

10 

None 

Not done 

acid derivative 

1 Gm. Barbituric 

Intravenously 
Bled to death 

11 

6 

% pint 

Not done 

acid derivative 
Local 

Bled to death 

7 

10 

1 pint 

Not done 

Local 

Bled to death- 

8 

S 

% pint 

Not done 

0.8 6m. Barbituric 

Bled to death 

2 

10 

1 pint 

Not done 

acid derifative 

1 Gm. Barbituric 

Calcium lactate 

3 

10.5 

1 pint 

Not done 

acid derivative 

1 Gm. Barbituric 

intravenously 

Histamine 

4 

10 

Ipint 

Not done 

acid derivative 

1 Gm. Barbituric 

intravenously 
Bled to death 

5 

10 

1 pint 

Not done 

acid derivative 

1 Gm. Barbituric 

Bled to death 

43 

8 

% pint 

Heavy 

acid derivative 
Local 

Bled to death 

55 

S 

% pint 

I/ight 

None 

Sodium cyanide 

.>>6 

S 

% pint 

Heavy 

None 

Sodium cyanide 

57 

6 

% pint 

Very heavy 

None 

Sodium cyanide 


Amount 

of 

Amount Fni 
of Trauma Embolism 

Moderate No emboli 


Slight 

No emboli 

Slight 

No emboli 

Slight 

Slight 

Slight 

No emboli 
No emboli 
No emboli 

Slight 

No emboli 

Slight 

No emboli 

Slight 

Slight 

Slight 

Slight 

Slight 

Moderate 

A few 
emboli 
Ate'S 
emboli 
Xo emboli 
Many 
emboli 
Xo emboli 
No emboli 


no free stainable fat is certain. .Whether the same is true of blood wit 
a rich digestive lipemia is a question that must be answered. It is inipos 
sible to cause the death of an animal without both trauma, even i s ig ^ 
in amount, and chemical alteration of the blood. In the lipemic 
the effect of the latter in causing embolism will be magnified. Eac og 
in the experimental series, therefore, represents a complex of i 
possible causes of fat embolism. The dogs showing relative y s ig 

embolism need the strictest controls. , 

On account of the probably -multiple factors that may cause 
embolism, a series of control animals need not show absolute ree o 
from this finding. It will suffice to establish the validity of the 
ments if dogs given ether show a decidedly higher embolic rate t lan 
dogs killed in all other ways. 
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GENERAL CONCLUSIONS OF PART I 


To put the results of this study in general termsj we have shown that 
the blood fat (and possibly also the nontraumatized depot fat) is a 
source of fat in fat embolism, and we have demonstrated one means by 
which the blood fat can be made to become embolic; namely, by the 
administration of ether. We have further presented evidence sug- 
gesting other mechanisms by which the same result might be expected 
to be brought about, mechanisms that undoubtedly are available in the 
body in many cases of fat embolism ; namely, the action of products of 
protein decomposition. We have indicated the path of future experi- 
mentation to prove or disprove the actual causation of fat embolism by 
this means. 

The significance of these findings is both theoretical and practical. 
Three practical considerations may be presented. 

1. Fat Embolism and Ether Anesthesia in Clinical Surgery. — It is 
not at all improbable that certain ether deaths after prolonged anesthesia 
may have been caused by fat embolism, by exactly the mechanism -we 
have demonstrated. That more such deaths have not occurred may he 
due to the general practice of starvation before ether anesthesia, a 
starvation that has been imposed for other reasons. It is possible, also, 
that a proportion of postoperative pulmonary complications, usually 
ascribed to thrombotic emboli, may actually be the result of fat emboli 
in the lungs. Certainly, these possibilities are suggestive enough to offer 
another sound reason for starvation previous to ether anesthesia. 


2. Fat Embolism and Intravenous Medication. — ^The literature of 
fat embolism in poisonings and the results of our test tube experiments 
strongly suggest that the physical state of the blood fat should receive 
consideration in every instance in which medicaments are introduced 
into the ’blood stream. Certainly, the effect of such treatment of the 
blood on the physical state of the blood fat has received no consideration 
Even in such exhaustive studies as that of Hanzlik and his co-workers, 
who observed many physical and chemical changes in the blood after 
scores of different agents were introduced intravenously, no mention is 
made of the possibility of any change- in the plasma emulsion, much less 
of any symptoms arising therefrom. It is conceivable that certain injec 
tion reactions may be induced by this mechanism. One would do ve 
until this point is proved or disproved, to inject no untried substance 
except when the plasma fat content is minimal. 


23. Hanzlik, P. J., and Karsner, H. T.: J. Pharm. & Exper. Therap. 23:1/3 
(April) 1924. Hanzlik, P. J.; De Eds, F., and Tainter, M. L.: 
Symptomatic Changes Following Intravenous Administration of a Vane } 
Agents and Solutions, Arch. Int. Med. 36:447 (Oct.) 1925. 
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A sample protocol follows : 


PROTOCOL 

Experiment 75. — ^Dog 42; March 31, 1926; weight, S Kg. 

11:00 a. m. Given one-half pint (236.5 cc.) of thin cream; drank it promptiv. 
2:00 p. m. Ether anesthesia; femoral vein exposed. 

2 : 05 Moderate number of chylomicrons in dark field examination of blood. 

2 : 06 j\Iask ether stopped ; intravenous ether, 0.5 cc. 

2 : 10 Ether intravenously, 0.5 cc. 

2 : 12 Ether intravenously, 0.5 cc 

2 : 15 Ether intravenouslj-, 0.5 cc. 

2 : 16 Ether intravenously, 0.5 cc. 

2 : 18 Ether intravenous!}-, 0.5 cc 

2 : 20 Ether intravenously, 0.5 cc 

2 : 22 Ether intravenously, 0.5 cc 

2 : 26 Ether intravenously, 0.5 cc 

2 : 28 Ether intravenously, 0.5 cc 

2 : 40 Ether intravenously, 0.5 cc 

2 : 53 Ether intravenously, 0.5 cc 

3 : 10 The dog died suddenly. On suspending it by the hind legs, frothy 

pink fluid ran from the mouth. This showed fat globules on stain- 
ing with Sudan III. However, it was contaminated by buccal 
content. 

Necropsy: The lungs showed typical changes of pulmonary edema, most 
marked at the bases ; they were removed without ligation of the hilum. 
Microscopic examination with sudan III revealed many fat emboli. 

These experiments have demonstrated to our satisfaction that fat 
embolism can be produced experimentally by the intravenous injection 
of ether. We believe the mechanism to be that of the test tube. The 
ether in the blood stream takes into solution the circulating emulsified 
droplets. As the ether vapor passes into the alveoli, the ether vapor 
tension in the blood is lowered to a point at which the fat comes out of 
solution as free fat. The emulsifying power of the blood is not sufficient, 
particularly in the slowly moving capillar}- bed of tbe lung, to refonn the 
original fine emulsion. Fat emboli ^-isible under the ordinary microscope 
thus appear. 

It may be asked whence in the starv-ed dogs enough fat can accumu- 
late to produce any embolism. The degree of embolism in the starved 
dogs is seen, on the average, to be much, less than in the fat fed clogs 
(tables 1 and 2). A possible explanation for embolism in the stan-cd 
dog may be found by comparing the results of Bloor’s chemical analyses 
of the blood under ether anesthesia,-® with the results of chylomicron 
obser\-ations by Day and by Schroeder and Holt.-- The latter tv.-<^ 

20. Leathes and Raper (footnote 16. p. 1621. 

21. Day. M. G. : -\m. J. Surg. 36:53 (.ApriH 1922. cited by Sebmeder, L. C. 
and Holt, E. : Oiylomicron (Free Fail Content of Blood in Infants. .\m. J. D:s. 
Child. 31:201 (Feb.) 1926. 

22. Schroeder and Holt (footnote 21). 
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vein of a dog and produced fatal fat embolism which was accompanied 
by acute pulmonary edema. Scriba (1879) , 2 * after experimental 
observations, pointed out that a drop of fat could pass through the lungs 
without difficulty; previously a patent foramen ovale had been considered 
essential to the passage of embolic fat from the lesser to the greater 
circulation. Riedel. (1877) injected oil into an artery, getting the most 
extensive embolism in the lung after tlie oil had passed through the 
other organs. He mentioned two factors in explanation: (1) the lower 
blood pressure in the pulmonary circulation, and (2) the lack of support- 
ing tissue about the tortuous pulmonary capillaries. 

Scriba, noting the large amount of oil that could be injected without 
fatal effect, attempted to establish a ratio between the fatal dose and the 
amount of the depot fat. He calculated the fat content as 71 Gm. in 
a human femur, as 12.7 Gm. in that of a 17 Kg. dog and as 1.3 Gm. 
in that of a 2 Kg. rabbit. He found that a dog showed ho threatening 
symptoms until one third of the entire body fat mass had been injected 
at one sitting and reported a similar relationship in the rabbit. Ribbert 
(1894),®“ estimated the fatal human oil dosage as 30-40 cc., but Landois 
(1923,®) accepting Scriba ’s ratio, computed the fatal human dose at 
210 cc. Fibiger (1901) reported the accidental injection of 50 cc. of 
oil into the vein of a young adult man ; the victim died. Fibiger ascribed 
the death to fat embolism. Fuchsig (1902) reported the fatal intra- 
venous olive oil dosage for dogs as 2 Gm. per kilogram. Wegelin 
(1913),®“ after reference to the contention of Merckel that intravenous 
oil injection in dogs justified no conclusions as to human- embolism, 
reported the work of Kojo on the relative effects of various oils. Kojo 
found that in rabbits an intravenous injection of from 0.6 to 0.7 cc. of 
olive oil per kilogram was well borne. A dose of 0.85 cc. per kilogram 
paralyzed the hind legs with recovery, whereas from 1 to 1.5 cc. per 
kilogram caused death. Using rabbit fat in the place of olive oil, he 
found 0.5 cc. per kilogram definitely fatal. Human fat in a dosage^ of 
0.5 Gm. per kilogram was well borne, but 1 Gm. of human fat per kilo 
gram would regularly cause death. The olive oil, Kojo found, went 
over into the greater circulation in considerable amount ; rabbit fat injec 
tion gave only pulmonary embolism and human fat seemed to occupy 
intermediate place as regards viscosity. Kojo found the reabsorptioi^ 
of emboli complete in three weeks. The homogenous fat was rea) 

24. Scriba: Deutsche Ztschr. f. Chir. 12:118, 1879. 

25. Riedel: Deutsche Ztschr. f. Chir. 8:571, 1877. 

26. Ribbert: (Footnote 4, second reference.) 

27. Fibiger, cited by Grondahl (footnote 10) and others. 

28. Fuchsig, cited by Warthin (footnote 1). 

29. Wegelin. C. : Schweiz, med. Wchnschr. 53:133 (Feb. 8) 19 
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found richly scattered in capillaries, and can be observed only by the 
higher power lenses. A few such droplets can be made out in figure 13. 
They are interpreted as an intermediate stage in the agglomeratioii of 
fat. They can therefore be regarded as presenting evidence confirmatory 
of our conception of the mechanism of production of fat embolism by 
ether administration. 

We emphasize at this point one fact, namely, fat embolism has been 
produced by intravenous ether administration, whatever weight one may 
care to place on the theoretical considerations discussed. 



Fig. J3. — Lung of dog 40 after intravenous ether, under high power (sudan III). 


Ether by Inhalation (table 3). — ^The technic of these cxperitnents is 
of the simplest order. Nine observations were made. In all of these, 
conditions were rendered favorable for ether action by creating a 
digestive lipemia. Table 3 records the varying conditions of the nine 
experiments. The column headings need no explanation further than 
that given for table 1. 

A sample protocol follows: 
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<Iogs that received 1.5 cc. per kilogram or less survived or were killed 
when in good health, for other reasons. Three of these six were 
allowed to survive and at the date of writing have remained in good 
health for more than two months. The dog that received the smallest 
dose, 0.34 cc. per kilogram, died spontaneously at the end of six weeks 
from lung suppuration. This dog was never robust and showed symp- 
toms, diarrhea and a hacking cough, within ten days of injection. It is 
possible that an organism of low virulence was introduced with the oil 
by a break in aseptic technic. Certainly death can hardly be ascribed to 
the mechanical effect of the oil in view of the other results. It seems 
probable from these figures that the dog will tolerate an injection of 
sterile cottonseed oil intravenously to the amount of 1.5 cc. per 
kilogram. 


Table 6. — Results of Intravenous Injection of Sterile Cottonseed Oil in Dogs 



Weight in 

Amount of 
Oil Injected, 

Dosage 
of Oil per 
Kilogram, 

Dogs Died 

Dogs Killed 

Dog 

Kllogroms 

Cc. 

Cc. 

Spontaneously 

Experimentally 

27 

7.6 

23.0 

3.0 

At 1 hour 


35 

10.0 

25.0 

2.5 

At 3 to 12 hours 


36 

12.2 

21.5 

2.0 

At 3 to 12 hours 


32 

5.0 

8.5 

1.7 

At 11 days 


34 

11.5 

20.0 

1.66 

At 18 days 

Killed by 

26 

10.0 

15.0 

■ 1.5 

31 

6.0 

0.0 

1.5 


pneumothorax 
at 1 hour 

37 

86 

13.0 

•1.6 



33 

7.5 

0.0 

1.2 



29 

5.4 

■ 4.5 

0.83 


Killed at 

80 

5.0 

4.0 

0.8 


7 days 
Killed at 

28 

6.2 

2.1 

0.34 

At 43 days 

7 days 


Dogs 

Surviving 


Diving and 
well at 72 days 
Diving and 
well at 59 days 
Diving and 
well at 67 days 




Figures 20, 21 and 22 show the amount of fat respectively in 'the 
lung, medulla and kidney of dog 27, which died an hour after injection 
of 3 cc. of cottonseed oil per kilogram. They are interesting chiefly or 
comparison with the photomicrographs of nontraumatic fat embolism 
caused by ether administration. Figures 23 and 24 show the affloun 
of fat that may remain in the capillaries of the lung and kidney a wee ' 
after injection. This dog (dog 30) received only 0.8 cc. of cottonsee 
oil per kilogram. • It was killed at seven days for the purpose o es 
mating the rate of disappearance of the oil from the blood vessels, 
are not reporting at this time the pathologic observations on the o,,^ 
dead following oil injections on account of the small number aval a 
for study. 




Fjg. 16. — Lung of dog 46 after inhalation ether, under low jwwcr (sudan 111). 
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could tolerate 120 ^ human "'“"“W “ tomnr. Uter we 
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Fig. 23.— Lung of dog 30 after intravenous cottonseed oil injection, Q.8 ct 
per kilogram, under low power (sudan III) ; the dog was kille one wee 
injection. 


LEmrAX~MOOR£~F.-: T E.'.rBOLis:.: 




Table 4 represents the control dojs. Seven dogs v>-ere Wed to deati: 
under cocaine, used locally, or a barbituric acid deri\-ativc. Of tiiese six 
were fat fed. Two of the latter showed a few emboli. As a clicck 
the possibili^- tliat in these seven dogs fat emboli were washe.I ],y 
the excessive hemorrhage titat caused deatli. two facts can be mentioned. 
In the first place, in the lung capillaries of all these dogs t;:e trsnrd ni:?:i- 
ber of fat containing leukocytes could be made out. In tlie seconri place 
acrive bleeding from the carotid should have less effect in emptying the 
lung capillaries than passive bleeding from die pulmonary veins <u’ tb.e 
exdsed lung. This, we have seen, does nor remove embo!:. Tiie presettce 
of emboli in two of dus series is additional eridence. 

Three far fed dogs were killed instantaneously by intracardiac injec- 
tions of 20 per cent sodium cj-anide solution. One dog sliowed ma:o 
emboli : the other two showed none. 


T.\raE 5. — Rcccpsiuhii-n 


Etter EsjKr;=:-;=:s 


EcKVJi: 

I? 


Fat Fe-1 
Xo: Fat F«^l 


Xo Ertl^rsa; 
(1 


I 

Totals 13 1 

Peresrta?^ oJ Entw lists =: fti 


Controls 


E=:lwr<=='. Xo F;:.l’ ■: 

Fat Ff! 

3 ? 

Xct Fa: Ff i 

0 

u 

FercvataC'^o! Ft;;'.*''. art'. 


Three dogs are included from the calcium lactate and hi>taniine 
experiments as diey represent other causes of death., t >ne of tlie.-e 
killed by histamine without previous digestive lipemia. and one foI!*'wi::c 
a fat meal. The third is a fat fed dog killed by prol-'nsreii calcium 
lactate injection. None of these three showed fat embolism. < The 
choice of three n^ttive animals from a series of six for use as c >ntn'!s. 
needs no explanation. The other three dogs sliowed cuesti uiaWc 
embolism. This finding, in this particular series, may be t’ne result of 
the injection of histamine or of calcium lactate on tite basts oi our 
c rriori reasoning. These tliree dogs, therefore, are useless as c. ntrol';, i 

One dog that had had ether anest.hesia for thiny minutes tr.e previ in... 
■day for the experimental establishment of intestinal o’-struct: -n a:: 1 
that had died of this condition in twenty hours is included. Tl::- d c. 
of course, was not fat fed. Xo embolism occurred. 

Table 5 recapitulates these controls and compare.^ tbem '.v::l: :1:-. con- 
solidated e.xperimental results. The nrirkecly higher embdic rate in 
enrfre series of ether dogs over th.e control dogs L- ci-ncludve. X'imty- 
five per cent of th.e former showed fat eml-di-m a'' c nu.'.re: with. 
21 per cent of th.e latter. 
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One further comment may be made on the quantitative factors of 
this problem. Assuming 7 per cent of body weight to be blood, a 75 Kg. 
man has 5,250 cc. of blood. We have said that the blood fat normally 
may range as high as 2 per cent. This man then has 105 cc. of fat in his 
blood. If the percentage is greater, as it may be in an intense digestive 
lipemia or in disease, the amount of circulating fat is correspondingly 
increased. From this it is evident that an effective breakdown of the 
plasma emulsion as suggested in Part I of this paper will furnish easily 
as much fat for embolic lodgment as will the marrow of a broken femur. 

As we state in the introduction to this part of the paper, we are basing 
no conclusions on the few experiments here recorded. We intend only 
to present the problem for future study. 
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3. Fat Embolism and Shock. — W'e have proved nothing in regard to 
fat embolism and the products of tissue disintegration. I'hcoreticali}-. 
however, the possibility that fat embolism may intervene iii the cour.-e 
of delayed shock, on the basis of experiments here prc.<:etued. scem> 
strong. It seems at least sufficiently strong to warrant the recommenda- 
tion that no patient suffering from shock or showing symptoms from 
absorption of products of protein breakdown, should be given a diet 
of high fat content. Particularly is this true of burns, iti which fat 
embolism has often been demonstrated. 

The results of our experimentation seem to us of the grcate.'Jt the- 
oretical importance. The physical state of the fat in the blood has not 
received consideration from pathologists or pathologic physiologists. It 
seems to have fallen on a universal!}' distributed blind spot. That this 
physical state has any pathologic significance has not only recoivcfl no 
consideration but, as we have noted, has actually been denied, (')nr 
experiments represent the first proof, so far as we have becji able to 
determine, that changes in the physical state of blood fat may have 
pathologic significance. 

PART II. EFFECTS OF F.\T EMROLIS.M 

The pathogenesis of fat embolism is not the only aspect of this con- 
dition that is obscure. The effects of fat embolism, as cxpre.ssed itt 
clinical and pathologic changes, are often equally unexplained. Con- 
tradictor}' observations abound. There is no constant relationship 
between the amount of fat found at necropsy and the amount of fat 
disturbed by trauma. Parenthetically, it may be rcpcate«l that the re.'ulis 
recorded in Part I may possibly be found sufficient to cxj)lain this <li>- 
crepancy. Further there is no constant relationship between the amount 
of fat found at necropsy and the severity of s}'mptoms. For the latter 
discrepancy there has never been offered even a working explanation, 
such as that suggested for the fonner. To reach an explnnntioji. pro- 
longed study of the quantity of embolic fat. its distribution under 
differing circumstances and its physical and chemical characteri>-ti(:' 
will be required. In this portion of this article we will attempt to clear 
the field for such a study by summarizing what evidence has already 
been presented. In addition, we will report a few of our tentaiiv«- 
experiments attacking the problem, experiments that serve «tnly tn tr.r<<w 
into bolder relief the essence of the contradictions involved. 

We arc not pioneers in this phase of the problem, liy fa.r :h- 
greatest amount of experimental work on fat embolism ha«. been 
by the intrava.scular injection of oils and the study of their effect*- and 
their fate. 

Magendic (1827) was the first to uxognize that fluid fat jn!'.,d!t 
obstruct the blood vessels. Virchow (1865) injected oil into .a jieck 
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descent disclosed the presence of sperm. Taylor in discussing the 
medicolegal aspect concerning the fertility of cryptorchids enumerates 
a number of cases in which the procreative power of such persons has 
been unquestionably established. A few writers would have us 
believe that it is the rule for testes retained, within the abdomen 
to be quite normal. Uffreduzzi says that 10 per cent of cr}'ptor- 
chid testes exhibit spermatozoa. Rawlings states that in fifty unde- 
scended testes removed at operation twenty-seven were examined 
microscopically and of these ten were fairly normal and showed a 
definite spermatogenesis. Odiorne-®^ and Simmons examined seventy- 
seven postpubert}^ undescended testes and all of these showed degenera- 
tive changes. The)'’ report one instance of fertility in a man of 20 when 
neither testis was in the scrotum. Bland-Sutton was only able to find 
spermatozoa once in the histologic examination of twenty-five incom- 
pletely descended testes. Lanz saw spermatozoa once in eleven 
testes that failed to reach the scrotum. Griffiths doubts the authen- 
ticity of every case in which spermatogenesis is said to have occurred 
in bilateral incomplete descent, and doesn’t believe that the retained 
testis can produce spermatozoa. In practically every' instance in which 
speramatozoa have been demonstrated in the examination of cr)'ptor- 
chids the subject has been young.®®® So constant has this finding been 
that one theory as to the nature and behavior of the undescended testis 
depends for its explanation on this factor. 

Monod and Arthaud,^®" on the basis of finding a fairly normal his- 
tolog)' in the undescended testis of a man of 20 and atrophy in two 
men over 40, promulgated the idea that incomplete descent is compati- 
ble with fecundit)' in tlie young but that with increase in age an atroph) 
slowl)' and progressively occurs. 

Two other opinions as to the condition of the incompletely descen 
testis have been given credence by those who have investigated this 
problem. Curling held that undescended testes developed normally 
to puberty, then failed to undergo the changes incident to this age an 
remained in the prepuberty stage. Histologic study, however, demon 
strates that a real degenerative process is observed in the ectopic tes is 

with the supervention of puberty. 

Hunter believed that the aberrant position and absent 
genic function were both due to congenital imperfections an t a 
“nothing can be done by art to give the testicles the stimulus o 
fection which is necessary' to make them assume the disposition requisi 
for their descent.” Hunter’s opinion today' claims as adherents 
ous supporters and investigators. Bland-Sutton “ states, ^ A tes is ^ 
retained because it is imperfect. The migratory impulse m a lea 
normal testis is irresistible”; and again, “The ^ 

undescended testis are the cause, not the consequences of its a* 
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sorbed more rapidly than the vegetable oil. Again in 1920 Miller ■' 
reported rapid reabsorption of oil injected in sublethal quantitic.': and was 
able, by repeated injection, to get one dog to tolerate 260 cc. in a })erind 
of five weeks time. 

Paul and Windholz (1925) “ have reported work on the injection of 
human fat into the veins of rabbits. Repeated injection in non fatal 
doses resulted in a nonprotein nitrogen retention as great as that in 
uremia. The blood sugar fell as low as in the insulin death of rabbits 
and the blood lipase did not rise. The injected fat wa.s traced throughout 
the organs. It gave rise to an endothelial proliferation in the lungs and 
an increase in leukocytes. The fat was taken up by endothelial cells and 
histiocytes with the formation of giant cells. Rlood ])igment was 
deposited in the spleen. There were miliary hemorrhages and softenings 
in the brain. There was an increase in fat in the heart muscle fibers, in 
the renal epithelium, and in the KupfFer cells, and there was a pareti- 
chymatous necrosis in the liver, which was free from glycogeti. 

To summarize the significance of this c-\perimental work is imjjos- 
sible. The foregoing review only emphasizes the absence of agreement 
on any phase of the problem and offers no single logical exidanatiou t(» 
unify the varying clinical and pathologic findings. 


EXPERI.ME.\TS 

Our first experimental attack on this chaotic situation has been an 
attempt to establish the lethal dose of oil injectcfl intravenously in dogs. 
Varying results recorded above make dependable observations obligatory. 
Before such observations become dependable they must be tnade in great 
number and with a variety of oils of different viscositic.*- and melting 
points. So far we have used only cottonseed oil, and our exl)erimem^ 
are few. They suggest, however, that a lethal dose can j)r(tbab!y b- 
determined. 

Intravenous injection of sterile cottonseed oil fautr>c!aved) wa^^ tloue 
under aseptic precautions. The oil was injected with a syringe over a 
period varying from a few seconds to twenty minutes. The flilterer.ri - 
in rapidity of injection .seemed to make no difference in the c fft-c;''. 
although such a conclusion can be little more than an impr^•^■«ion. Brief 
ether anesthesia was employed and the vein w;is exj)o<{d by a .-mnll 
incision which was afterward clo.«cd by a .single .silk suttirc. Xouc «'f 
the woimds suppurated. 

Table'6 shows the re.sults of varying <lo>ages of cottou'-eed oil m 
twelve dogs. Three dogs that receivetl 2 cc. or more pt-r l;i!ogr;::n d-.' *'. 
spontaneously within a few hours. Two d<igs tliat receivi 1 1,7 
and 1.66 cc. per kilogram. rc.';j)ectively, died within a few davv 


30. Miller: Tr. Coll. Pliys. riuKitlvlphia 42:25, 
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testes have been redeposited in the scrotum. The influence of severance 
of the blood vessels in the spermatic cord and ligation of the vas 
deferens has also been noted. Special study has been given the anatomy 
of the prepuberty testis. 

I 

DESCENT OF THE TESTIS 

The abdominal position of the fetal testis was first mentioned by 
Haller.^®® Frankl states, however, that .this was also known to Galen. 
Hunter,^®® who first described the normal descent of the testis, was at a 
loss for a satisfactory explanation. Many of the early investigators 
attributed it to the action of the cremaster.®’^® Edwards ” says that the 
gubernaculuni shortens with descent and turns about much as can the 
finger of a glove. Hart®* speaks of the gubernaculum as a rudder. 
Keith * states that the gubernaculum in drawing the peritoneum down 
drags the testis with it like a log on a sledge. That the gubernaculum 
has little or no active part in the descent of the testis becomes evident 
in the 'cases in which the testis is in the scrotum, but there is an 
absence of fixation ®"” to the scrotum by the gubernaculum. 

The testis develops on the inner side of the wolffian ridge in close 
relation with the kidney and remains intra-abdominal in position®® 
throughout the greater portion of fetal life. Scammon ®®® divides the 
transition of the testes to their scrotal position into three stages. In 
the sixth week of fetal life, the genital ridge extends from the sixth 
to the twelfth dorsal segments. During the third month, because of an 
atrophy of the cranial segments, the definitive testis lies in the iliac 
fossa. As a consequence of unequal rate of growth of structures below 
and above the inguinal ligament, the testis comes to lie at the future 
internal abdominal ring. These two phases of descent are entirely 
passive. Preceded by the vaginal process of peritoneum, the testis 
passes obliquely through the abdominal wall, reaching the exmrnal 
abdominal ring during the seventh pr eighth month. In over 90 per cent 
of new-born children the testis has arrived at the bottom of tie 
scrotum. The scrotum, a derivative of the abdominal wall, is preforme 
to receive the testis. At birth the upper portion of the vaginal process 
is obliterated, f but the lower end persists throughout life as the tunica 
vaginalis propria. Failure of this peritoneal tunic to obliterate in t e 
upper portion constitutes a potential inguinal hernia. The pass^e o 
the testis through the abdominal wall is an active migation, but cam 
mon ®®® states that there is no known cause adequate to account or 
stage of descent. 

* Human Embryology and Morphology, New York, 1921, p. S99. 

t For an excellent discussion of the obliteration of the vagitwl ^1 

ence should be made to Engel,” Frankl,** ** Lockwood, Sac s 
Zuckerkandl.®*® 
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plete descent * for every thousand cases examined. Double incom- 
plete descent is incomparably more rare than single and right sided 
arrest of descent occurs more commonly than it does on the left. 
This .is in agreement with the fact that the left testis usually descends 
earlier than the right. 

Only rarely does the testis reach tlie scrotum by its own initiative 
if it has failed to do so at the end the first year. Neugebauer reports 
thirty-eight cases of late descent.^^® With the increasing obliquity" 
of the inguinal canal due to the growth of the pelvis, the possibili^’ 
that the testis may migrate spontaneously to the scrotum decreases 
greatly. Occasionally a testis that has been in the scrotum will return 
to the inguinal region. This is known as “ectopie en retour.” 
Stefko"®’’ has i-ecently described the finding of a high percentage of 
inguinal testes in starving children (27 per cent). He attributes this 
finding to too short a cremaster occasioned by starvation in which an 
unequal growth of the muscles of the abdominal wall occurs. 

CAUSE OF FAILURE OF THE TESTIS TO DESCEND 

Undoubtedl)^ a number of factors may operate to bring about incom- 
plete descent of the testis. Eccles classifies the conditions that may 
be causative as follows : 

1. Conditions associated with the mesorchium. 

2. .Those associated with the testis and its component parts. 

3. Conditions associated with the gubernaculum. 

4. Conditions associated with the cremaster. 

5. Those associated with the route, along which the testis must pass. 

In by far the majority of cases of inguinal retention, however, 

separation of the spermatic cord from the processus tunica vapnahs 
testis suffices to mobilize the gland so that it may be placed in t e 
bottom of the scrotum.^®- Sevan states that separation of the 
peritoneum from the vas deferens and spermatic vessels, if 
from 2 to 3 inches (5 to 7.6 cm.) within the abdominal cavity an 
combined with removal of all the coverings of the cord, so t lat le 
testis hangs suspended by the vas and vessels alone, will so mobi ize le 
testis that in many instances it may be placed on the thig se\era 
inches below the inguinal ligament Bevan says that in only 10 
of cases has it been necessary to section the vessels in the ° 

plexus in order to bring the testis into the scrotum. Biidinger * s 
that the vessels are always short and cites the relation that oitains 

* This figure includes anorchism and monorchism. Absence 
an exceedingly rare anomaly and it is scarcely possible during 
reliable proof concerning its existence. Jacobsen says that ^ bilateral 

compile onb"^ twenty-three cases of unilateral anorchism and seven o e 

variety, all having been verified by necropsy. 
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We then cut measured segments from two freshly amptuatcd femora 
and calculated the capacity of the marrow cavities. Tiic fat in tiie 
marrow was melted out. measured, and 10 per cent added for p.-ssiWv 
error. From these two calculations we found that in the one instance 
50 per cent of the marrow cavity content was fat atul in the otii^T 
instance, 63 per cent. 

Applying the larger of these figures, which more nearly approacltes 
Scriba’s measurements, to the average complete marrow cajwcity a'- 
calculated above, we find that the marrow cavity of the ftmtir ttf a 
75 Kg. person contains appro.ximately 65 cc. of fat. Thi.< corn-.'jj'^jKi'- 
to 0.86 cc. per kilogram. 

The significance of these calculations now becomes apparent. If 
the difference in effect between marrow fat and cottonseed oil i< not 
great, and if man can tolerate oil as easily as the dog. then one .‘■hoiild hv 
able to pour into the veins all the fat from the marrow of a ."iingie fentiir 
wdthout causing sjatiptoms. 

The fundamental contradiction is clearly presented by thi.'' examjde. 
Several solutions, any or all of which may be effective, can he pnijifi^cd : 


1. Is there a difference in susceptibility to fat between dog atid man : 

2. Is the difference between cottonseed oil and marrow fat .fitifncietti 
to make so great a difference in threshold value? 

3. Is there an additional source of the fat in traumatic fat cn^^o!^^m. 
other than the depot fat? (Our results in Part I sugge.'^t that thi> may 
be so,) 

4. Do symptoms depend on .‘:ome law of distrilmtinn of fat tmh -li. 
dependent, perhaps, in differences in the architecture of the v.'i-cul.ir 
tree between dog and man, such as the absence in the d^g of the inter:::.! 
carotid artery ? 

5. Do symptoms depend on chance distributi'm of t-mh di t" vital 
centers ? 


6. Has it been established without question that symj)t":i’.> .-■'crih. ! 
to fat embolism are really due to th.at cause, and not t-* rtli-.r *!!;- 
turbanccs of physiologic balance? 

In regard to this last qucr>' we report an itntri>tinc o! '' r’.:.:; :: 
None of the dogs that received intravenous injection- <.<f ; « I 

developed pulmonary edema that c<*uld he detected clinicri!!'. . v. 
as much as 3 cc, per kilogram was given. The hich pr< rti 

however. .«howed the gross an<l micr*i.cc<<j)ic h.’ttg chr.r.’gt - <•: t ::'::: r.'.r .- 
edema. In the classical clinical descrijnion of f.'it . 

edema as a .symptom is given much weight. 
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of the tubiile and scattered between the .Sertoli cells are the sperraato- 
g^onia, the progenitors of the adult male sex cell. In the prepubertj' 
testis, the Sertoli cells and the spermatogonia are the only cells lining the 
seminiferous tubules. In the mature testis, the spermatogonia are small 
round elements with nuclei rich in chromatin. By growth the spennato- 
gone becomes a spermatocyte of the first order. These divide and form 
two secondary spermatocytes whose division gives rise to the spermatids 
from which the spermatozoa takes origin. 

In the intertubular spaces there are groups of cordlike masses, the 
interstitial cells.* These are rounded polygonal elements with small 
eccentric nuclei. Scattered in the finely granular cytoplasm may be 
found pigment particles or crystalloid bodies in the form of minute 
rods or needles. 

The main artery of the testis is the internal spermatic which takes 
origin from the abdominal aorta. In addition it is also supplied by the 
deferential and external spermatic arteries which establish anastomoses 
with the internal spermatic. The testicular branches enter the mediastb 
num and break up into superficial and deep twigs that follow the tunica 
albuginea and the septums, respectively. The latter follow the tracts of 
intertubular connective tissue and ultimately form rich capillary net: 
works enclosing the seminiferous tubules outside the basement mem: 
braiie. The veins arise in these, networks pd. emerge at die 
mediastinum and together with the veins from the caput epididymidis 
ascend in the spermatic cord in the anterior, part of. the. pampiniform 
plexus. The veins from the body and tail of the epididymis unite into 
a smaller group that ascend in the posterior part of the plexus. 

The lymphatics of the testis follow the course of the veins and drain 
into the lumbar lymph nodes. The nerves of the testis are chiefly s)m 
pathetic fibers that follow the course of the internal spermatic artery. 

The histology of the immature testis and the blood supply of t e 
organ will be dealt with more fully later. 

The retained testis of the adult when compared with its norma y. 
descended fellow, though preserving the contour of the normal organ, 
is of much smaller proportions. But apart from this disproportion in 
size the gross anatomy of the normal organ is preserved.®^ 
the body and tail of the epididymis remain separated from t e tes 
by tlie mesorchium,®®’ 

When examined microscopically, however, a remarkable i 
in structure is at once apparent. The singular disappearance ° 
germinal epithelium from the seminiferous tubules is most stri' 

* Odiorne and Simmons and Coley state that there are no 
in the normal adult testis, Winiwarter,®” however, finds them 
Benoit” states that failure to observe them is due to lack o prope 
fixation. 



•• « 



Fip. 24. — Kidney of dop 30 after inlravonon? cottr-ii'Ct d •■il inji.-ti' ri. '‘‘• 
per kilop'rain, under low power (.sndan 111) : the doe wn*- l.'ilUd \wt'. .if’r .’- 1 
the injection. 
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Sciidder=« compiled thirty-two cases of torsion of tlie pedicle of the 
testis. Forty-seven per cent of these occurred in undescended testes. 

Nearly all who have written on the subject of maiig- 
iiancy in the testis are agreed that the incompletely descended organ 
is more likely to become malignant than the scrotal testis. Malignancy 
of the testis is a rare disease."*^- ^st 1922 Tanner stated that only 
about 600 cases had been reported in the literature. Of 452 cases com- 
piled by Cunningham,®® 412 had occurred in the normally descended 
testis. Malignancy in this series therefore was 10.3 times more frequent 
in the scrotal than in the undescended testis. When, however, allowance 
is made for the fact that only one testis in 500 is undescended, it is 
apparent tliat in Cunningham’s ®® series,- at least,- the undescended testis is 
fifty times more likely to malignant degeneration than is the normally 
descended testis. - 

Tanner*®® believes that the testis retained- within the -abdomen is - 
less likely to become malignant than is the normally descended testis, 
Bulkley states that about one testis in seventy-five retained within the 
abdomen will become malignant, and that one out of every four malig- 
nancies in undescended testes is found in the abdomen. Several believe 
that the testis within the abdominal cavity enjoys an immunity from 
malignancy and that when an inguinal testis cannot be piked'- in the 
scrotum that it can with safety be placed in the abdominal cavity behind 
the peritoneum.^*®’ *®® A few writers state that this -is the operation of 
choice in the treatment of undescended testes,^®®' and that an imper- 
fectly descended organ is as likely to function there as in the scrotum. 
Uffreduzzi **® and Keyes and MacKenzie state that the abdominal 
testis is more likely to become malignant than the testis retained in the 
inguinal region. Malignancy has never been observed in a perineal 
testis.^** 

No greater diversity of opinion probably exists concerning anything 
in medicine than the question of malignancy in the undescended testis. 

The opinion prevalent today that the abdominal testis is less prone 
to become malignant than an inguinal testis or one normally « 

believe to be but a heritage from earlier literature.®*' 

Farwick ®* could find only three cases of malignancy in the testes retaine 
within the abdomen and seventy-seven in inguinally retained testes. 

1901 Kaeppelin could find only six malignant abdominal 
Bulkley** in 1913 reported fifty-nine cases of malignancy m 
abdominally retained testes. Cunningham ®® in 1921 stated that t iree 
had been reported since the appearance of Bulkley’s paper. ^ ^ 
observed two cases of malignancy in the abdominal testis. Ma 
of the abdominally retained testis in the male hermaphrodite is not m r^^ 
quent. Zacharias ®®® mentions thirteen cases, two of which were 1 a en 
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AX EXPERIMENTAL AND CLINICAL STUDY * 

OWEN’ H. WAN’GEN'STEEX. M.D. 
^rissn.w'ius 


It is now generally believed that the iindesrcnded se.'ii;- i' n't:.'::]y 
incapable of a continued profluction of spennaiozor!. llunUT.*' \v;v- 
first described the nonnal descent of the tc.'ti.*-, stated that failsire of tl/j 
testis to reach the scrotum is due to its initial iinpcrfectiotj. 
pean investigators hold to this opinion. Hut opcratuiU' ar<- o'titiTut.iH;. 
being performed on the undcscended testis in the hope liiai v/itli :r.u>- 
ference to the scrotum that sjiennotogencsis will occur. If tl:e d» vr!'>p- 
ment of the testis is not altered by transition to the scrotum, only ti.'' 
belief that the danger of malignancy is lessened or that t!;<; patii-nt i- 
more pleased with his testis in its usual hal>itat would ju-tify oper.itivt- 
interference in the abs.ence of pain or oilier coiupHcntini: factor. .\ 
decision as to whether the testis is ab ovo deficietil or whether it- ahn -r- 
mal situation is responsible for its lack of development is therefore of 
paramount importance in the rational treatment of the nndeo-i-n'.’-i 
testis. 

Orchidopexy is an old proccflure and it would scetn il:rt! tlic l■^.a^ni> 
nation alone of those case.s in which the ojieration lia- I.",''-:! dom- for 
failure of both testes to descend would determine v.heth-r or i:o', an 


undcscended testis would develop normally if placed in :h- o ro 
Records of rc.'sulls are numerous, as concern^ the jjO'ition of tla- ir 
planted organ, and many observers’'"'*' record an inena-': in -i.o- 
.«crolal fixation. But reports concernhig e.xamination of tie- 
when the operation has been done for double incorn;>!<;te d' ^ • m 
unfortunately few, so few in fact that it could with ju-i can-'- h- clai: 
that thc.'ic arc merely examples of tho>e rare in-taner - v h- ! 
tcmjiorary spcrmatogcne.'-'is occur." in cryptorcliid-. 


.A sufficient number of such ca'es have now K ; :; 


T'-.' 1 


ni. 



.*< 


cannot detiy that spermatogeneci*: may f*rcur in cr 

dial in 11^''7 was able to compile fifty ca'C" in whic 
nation of the removed organ or semen e.vaminati'O fr 





674 


ARCHIVES OF SURGERY 


The relative frequency of malignancy in the undescended as com- 
pared with the normally descended organ is best accounted for in 
Ewing’s explanation of the mode of origin of malignant testicular 
tumors. 

Prophylactic removal of an inguinal testis because of the danger of 
malignancy is scarcely warranted. Such a procedure has not been applied 
to other organs in which malignancy is manifoldly more common. 

Several instances have been reported in which tumors have occurred 
in the normally descended testis while the same patient carried one in 
which only partial descent had occurred. Howard^*® records the 
instance of a man of 37 the subject of a carcinoma of the testis. At 
7 his testis was in the scrotum; as a result of trauma dislodgement 
occurred into the inguinal region. The converse has also been noted. 
Cunningham reports the case of a man of 30 the subject of a tera- 
tomatous testis. At 25 this testis had been in the inguinal region and 
at that time was placed in the scrotum. Coley reports an instance in 
which malignancy of the testis followed closely on replacing the testis 
in the scrotum. Tyrell mentions the case of a man whose left testis 
descended into the scrotum spontaneously at 20. Twenty-five years later, 
at 45 years, a sarcoma developed in this testis. Marlier^’® mentions 
such an instance in a man whose left testis first descended into the 
scrotum at 16; at 38' the testis was the seat of a carcinoma. Romiti^'’ 
relates the history of a man of 37 who developed a malignancy in a testis 
once resident in the scrotum that eleven years previously was placed in 
the abdomen in order to cure a large inguinal hernia. 

Orchidopexy therefore does not diminish the possibility of a malig- 
nancy developing in the testis with reposition of the organ into the 
scrotum. 

EXPERIMENTAL INVESTIGATION 

All experiments were done on dogs (a few early experiments not 
recorded were done on guinea-pigs and rabbits) under usual aseptic 
technic. Ether was used to obtain anesthesia. Fine linen sutures were 
used throughout. The experiments will be tabulated according to type o 
procedure instead of in chronological sequence. The examination o 
the undescended testes and the testes removed in the course of operations 
for the cure of hernia and hydrocele, and those obtained from persons 
dying of acute febrile and chronic debilitating diseases will be recor ec 
following tabulation of the procedures on dogs. Formaldehyde 
(10 per cent) of tissue and hematoxylin and eosin stains were use . 
tissue was embedded in paraffin and the sections were cut from to 
microns in thickness. 
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to reach its goal in the scrotum. . . . Surgical csT-^n^ t«i pre.'cr'.c 
a retained or a partially descended le-rtis niay l>e dc.'cr:i*cd a> .-tspcrcr.- 
gation.” At a recent meeting of the Royal Society n: Mcdiciuc i:; 
London, Bland-Sutton ** reiterated his previou.'; stand and said 
“the notion that the functional imperfection of a retained tc'ti.' i.- dne 
to its nondescent is false.” Eccles *'■’ at the same lime .'•aid :l;at i; \v;-> 
wrong to speak of atrophy and that an undesceiuied uvti.- i.- jut ier'le- 
veloped Finotti®* also shares this opinion. Ufrrcdur.-.i <u'.'v-ri! 
nondescent as a local expression of infantili>m. Recent inve.'''ie:a;i'':> 
on the continent seem to bear out Hunter's theory. Stnentmier 
believes that a hypoplasia of the spennatic arterie.< i.s ti:e cniwe of ’.aok 
of development and also prevents descent. Schinr. and Slot(*p iLky 
state that cryptorchidism is essentially a hypo'phstic prtHX's^ ai'.d tl;at 
this hypoplasia is only a part of a general develoinnental di'-tnrl-anvc 
“vitium primae formationis.” 

It has, however, long been felt by many that given tlie afU-.-intagi' 
of the natural environment that the scrotum atTords an incomylcttiy 
descended testis would develoj) nonnally and that the .-ucce-s or faiiino 
of the scrotal fixation would be a dominant factor in deterniitiijvg t:;e 
future possibilities of the imperfectly de.<cended org;it). The ahuv^-t 
universal practice of orchidopexy therefore sign^fie^ th.ut in.uiy --ti!! 
cling to the belief that failure to reach the scrotum ;u-counts ftc tl;e 
aspcrmatic condition of the undescended test^^. 

Is has been my object in this study to investigate tin* merits of 
these two controversial opinions. If the incomidetely dc'ccn-led te-ti' 
owes its imperfect development to its failure to de^cen.d. a '■t;cci "fi:! 
orchidopexy would rectify the condition and statU)) th.e oper;st !■<;'. 
being of material and functional benefit. Failure of th'- gi-rmi;’.:.l 
thclium to develop wouUl indicate that the object of the pro.-rde.re i- 
only cosmetic. The.se two <liametrically opjvisod ideas c..!nvc 1 ? c. 
promised. Does transition to the >crotum etiable an iir.p-rfe t'.v 
descended testis to develop normally or is it i.'f’ initir 
incapable of mature growth? 


MOUF. OK lNVr..<T]OATIoN 

In the study of tiiis problem sevend te-^te^ that f:-.n">I t<> n . 
scrotum and were removed in the course of operr.tiio f-r 
adults have lu'cn examinetl. X«>rmally d.e-cvtide-! tv'tt ' t n v 
the radical cure of large hernia^ .nud iiydrioel'.-' I-./.- • 

submitted to examination. Tc'-tc' «•! yorntg jiv.y- :.t -’ . 

been placed in the peritotteal cavity .an>I tb.e iruK.-:;:.’ :• •" 

elTcct on the orgati note<i. \fter hroin-..' bee:: t • :< • ; 

peritoneal cavity or ingt'.ittal region i*>r '.jjm-'. *■ 
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Fig. 1 (experiment 3). — Left testis of adult dog; control in scrotum showing 
the normal condition in the mature testis in which all the mature germinal cells are 
present (XlOO). 



Fig. 2. — Right testis of same dog as shown in figure 1 after having 
the peritoneal cavity for five days; marked destruction of the germinal epif 
formation of multinucleated cells ; Sertoli cells still in fair state of preser\a 
interstitium normal (X 100). 
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Microscopically,. the testes were those of a normal young pup. There was no 
elaboration of the germinal epithelium above the spermatogonia. In some of 
the lumina of l^he tubules of the right testis, which was placed in the peritoneal 
cavity, there were large cells with acidophilic cytoplasm. There were no multi- 
nucleated cells and no ddbris in the tubules. (These cells probably represent the 
earliest degenerative phase in the testes of the young ) 

Experiment 9. — Sept. 21, 1923; a small young dog, aged about 3 months. 

Both testes were placed in the peritoneal cavity. 

November 19, fifty-nine days later, the dog was killed. The left testis was 
adherent to the abdominal wall; the right was free. 

Microscopically, the testis was that of a normal pup. There was no evidence 
of degenerative phenomena. There were numerous spermatogonia. The germinal 
epithelium was from two to three rows in thickness. There was no debris in the 
lumina. Some peritubular edema was noted (shrinking in fixation?). 

Experiment 10. — Sept. 22, 1923; a young dog, aged about S months: 

Both testes were placed in the peritoneal cavity. 

October S, thirteen days later, the dog was found dead. 

Both testes were free in the peritoneal cavity. Microscopically, both these testes 
showed the picture mentioned in experiment 8, viz., large m'ononucleated cells 
with a reddish cytoplasm within the lumina. There were no multinucleated cells 
and no debris. 

Experiment 11. — Sept. 24; 1923; a 5 months old dog. 

Both testes were placed in the peritoneal cavity. 

October 5, eleven days. later, the dog was killed. The right testis was free 
in the peritoneal cavity; the left was ensheathed in adhesions of omentum. The 
epididymis was swollen. The surface of the testis was hemorrhagic. The vessels 
were slightly twisted. • . . 

Microscopically, the right wa& a normal pup’s testis. .No^ degenerative changes 
were present. The left had many tubules hyaline in appearance. - Loss of ability 
of the cells in the tubules to take a stain was apparent in several areas. There 
were many polymorphonuclear cells in the interstitium. (This testis apparentlj 
was the victim, of torsion, of its vessels.) 

Experiment 12.-;-Sept. 29, 1923 ; a small pup, aged about 4 months. 

Both testes were placed in the peritoneal cavity. _ 

December 1, sixty-three days later, the dog died. The right testis was s ig } 
adherent to the greater omentum at the anterior abdominal wall. The e t cs »s 
was free. There was no torsion of the vessels. _ 

Microscopically, there were large mononucleated cells with acidop J.ic c) 
plasm in the lumina (as in experiments 8 and 10). The outline of t e u u 
was well preserved. No other degenerative changes were present. 

Experiment 13. — Oct. 11, 1923; a pup, aged 3 months. 

Both testes were placed in the peritoneal cavity. ^ were 

December 19, sixty-nine days later, the dog was killed. Bot 
free in the peritoneal cavity. There was no vessel constriction. « ° 

report* was the same as in experiment 12, 8 and 10; that is, t ere we 

* Many of these young dogs operated on in the later part 
Though the testis of the young is not as sensitive to the effect of e 1 1 a 
eases as is the testis of the adult, nevertheless in the testis imme la e 
puberty slight degenerative changes are noted. Not unlikely, ^ 
result of the mange and malnutrition as much as the effect of transp an 
mononucleated cells with the tubule histologically otherwise norma . 
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necrobiosis from the lumina only the Sertoli cells remain within the 
tubules. Many of these have altered nuclei with only a scant amount 
of cliromatin and lie on the membrana propria of the seminiferous 
tubules as empty irregular sacs. 

None of these degenerative changes were observed in the interstitium. 
On the contrary, the interstitial cells appear prominent and increased in 
number. An actual hyperplasia seems to have occurred. Oslund’®- 
believes, however, that this increase is probably relative because of the 
disappearance of the germinal epithelium. 



Fig. 6 (experiment 21).— Right testis of adult dog mobilized as for transpl^- 
tation into the peritoneal cavity but immediately redeposited in t e “ ' 
removed twenty-five days later; the damage incident to the mampulatio 

apparent (X 100). 


EXPERIMENTS TO DETERMINE THE REACTION OF 
THE TESTIS TO INJURY 
SERIES n 

Experiment 21. — Aug, 4, 1923; an adult dog. cnlantation 

Both testes were freed from the scrotum and prepared as for ran 
into the peritoneal cavity, but were immediately replaced in the 
August 29, twenty-five days later, the dog died without apparen 
wounds were well healedi The testes were slightly smaller t an a 
Microscopically, there was marked destruction of the germinal epit e i 
of which had disappeared, A few spermatogonia still remaine . n 
of the tubules numerous giant cells and debris were present. In manj 




WANGENSTEEX—UXDESCEXDED TESTIS 
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Bland-Sutton says that thirtj'-five have been reported, Romiti^-^ 
reports the case of a man at thirh'-seven who had a malignant abdominal 
testis. Eleven years previously during the course of a hernia operation 
the testis which had previously been scrotal in position was placed in 
the retroperitoneal region in order to better treat the hernia. 

When it is recalled that malignancy is a rare disease in the testis, 
that an undescended testis is also infrequent, and that abdominal reten- 
tion of the testis occurs with considerable less frequency than does 
inguinal retention, it must be conceded that an abdominal situation of 
the testis is not a protection against malignancy. 

It has long been felt that the exposed position of the inguinal 
testis to trauma renders it susceptible to malignant change. The relative 
frequency of torsion in the inguinal testis has been pointed out. 
Kahlden believes that the contraction of the abdominal muscles over 
the testis in the inguinal region, as occurs with coughing, lifting, etc., is 
responsible for the frequency with which malignancy is observed in the 
inguinal testis. Landau states that the contraction of the abdominal 
muscles over an inguinal testis could exert but little pressure on the 
gland. 

Coley believes that trauma is a factor in one third of the cases of 
malignancy of the testis. Chevassu *' states that traumatism favors the 
growth of a tumor but believes that trauma as a causative factor in 
testicular malignancies has been over rated. 

In the undescended testis, the anatomic peculiarities * observed arc 
the disappearance of the germinal epithelium and a hyperplasia of the 
interstitial cells. It has been suggested that the relative frequency of 
malignanc}' in undescended testes takes origin in these cells, but 
sarcoma of the interstitial cells®® is a very rare tumor. A benign 
tumor t arising in the interstitial cells is not uncommon. 

Wilms stated that the complex malignant tumors of the testis 
contained all three germinal layers and were best considered as teratomas. 
Ewing from a careful study of nineteen cases and an examination of 
the literature oh the subject states that “the great majority or iJossihly 
all of these tumors are of teratomatous origin.” Ewing'® had several 
thousand serial sections made of embryonic testes through the corj)Us 
Highmori and rete testis. Several islands of chromaffin tissue and twf> 
misplaced groups of squamous epithelium were found. Ewijig con- 
cludes “that teratoma testis arises from sex cells in the neighborhood o; 
the rete. whose normal development into spermatogonia has been .sup- 
pressed but whose potencies remain intact or ready to express themselves 
in the various forms of simple or comple.x teratomata." 

* It has erroneously been maintained that an ectopic perineal testis * i« 
histologically normal. 

fit is said to occur frequently in old dog.*."' 
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TRANSFERENCE OF THE TESTIS TO THE PERITONEAL CAVITY OR 
INGUINAL REGION WITH REPLACEMENT IN THE SCROTUM 
. AT A LATER DATE, WHEN DEGENERATIVE CHANGES 
HAVE OCCURRED IN THE TRANSPLANTED ORGAN 

SERIES III 

Experiment 26.— July 8, 1923; an 'adult dog. 

Both testes were transplanted into the inguinal region. 

August 20, forty-two days later, the right testis was redeposited in the 
scrotum. The left testis was removed. 

October 29, seventy-one days later, the right testis was removed. Micro- 
scopically, the left testis showed a typical transplant testis in which the germinal 
epithelium had practically disappeared. The products of necrobiosis had been 



Fig. 7 (experiment 27). — Right testis of dog after having been in the p 
toneal cavity for thirty-seven days (X 100). 

removed. In the right testis definite attempt had been made to 
germinal epithelium. In areas all the adult sex cells were present, me u 

few spermatozoa. ^ pwenera- 

In those tubules in which the spermatogonia had all disappeare , no r 

tion was apparent. 

Experiment 27. — ^Feb, 18, 1925; a large adult bulldog. 

Both testes were placed in the peritoneal cavity. 

March 27, thirty-seven days later, the right testis was remove . 
testis was replaced in the scrotum. The spermatic cord was not un 
The testis was sutured to the bottom of the scrotum, and the tunica ' 
testis covering the testis was included in the sutures that united t e mn 
of the scrotum. , . 

November 4, 190 days later, the left testis, which was of good 
removed. It was movable in the scrotum. Microscopically, the rig t es i 




TKANSl'I.ANTATION 
1NT(» THK 


or TKSTKS OK MATl-KE AXIJ YOUNG DOGS 
Alino.MlNAI^ AND INCJUINAU REGION 


•sr.ttir.S I 

Hxn.itiMrNT 1. — Jnly 1, InrRc adult doR. 

.'\l>d(*n)i»al rciwiM'lini) was madr id laitli tc.stf.s tliroiiRh nhliiRic iticisions in both 
iiiRtiinal rcRions. '1 hr .'■juTiiiatic cord was freed and tlic internal ring enlarged 
on Kith sides. Tlie gtdirrnacnin were severed, the |ierilnncnl cavity wa.s opened 
on Ixnh sides ami the testes were |inshe<l into the ahdninen. On the left, tlic 
tnnie.a vaginalis testis was removed: «in the right side it was left intact. The 
wonnds were closcil in layers. 

.•\fter the lapse of two months, this dog was kept with two adnll female dogs 
tor a consiilerahle lengtli of time without impregnating tlicm. 

iVfcmher 28, IKfl «lays later, castration was done. The wnnnds had healed 
well. The left testis was free in the peritoneal cavity; tlic right was cnshcathcd 
in omental ailhr.sioiis. There was no interference witli the vascular supply of 
either testi'. Grossly both testes were markedly reduced in size. The tunica 
alhnginea was thickened. Microscopically there was total loss of the germinal 
r|iithrlinm. Only SeTtoIl cells remained within the seminiferons tnhnles. In 
'ome of tlicse. the nuclei were small and the cells gave the appearance of empty 
•■ars. Many of the tnhnles were distorted. The interstitial cells appeared nnite 
jirominent. 

I-'xn ui.Mi .VI 2.-“,lnly S, 192.1; :m :idnlt dog. 

.'\hiIominal rcjuisition was ma«lc of both testes through inguinal incisions. The 
tunica vaginalis testis was left intact on both sides. 

.Inly II. si.N ilays later, the dog was killed. There was a small hcniatoma in 
the right wonml; the left was well healed. The right testis was free in the peri- 
toneal cavity at the brim of the pelvis. The left testis was free e.vcept for slight 
attachment to the great omentum. Hoth testes were somewhat smaller than at 
t'jwration. 

•Microscojiically. there was definite loss of the germinal cpithclinm within the 
tnbnies. Xnmerons giant cells and debris ocenpied the Inmina of the tubules. The 
interstitinm was normal. 

IvxfiaiiMr.NT .1. — July 9, 192.3; an adtdt dog. 

.’Midominal reposition was made of the right testis. The left testis was not 
lotiched. 

.Inl.v H. five day.*. later, castration was done. There was the same picture as 
in ling 2. The left testis showed normal .spermatogenesis. 

b!xi*iaii.Mi;NT *1. — ^Jnly 27, 192.3; an .adult dog. 

.'\bdominal reposition was made of both testes through inguinal incisions. 

.'\ngnst 6. ten d.ays later, castration was done. The loss of germinal epithelium 
was a little more definite than in dog 2. Giant cells and nccrohiotic changes were 
evident in all tidndes. In many most of the sexual cells had disappeared. There 
was considerable peritubular edema. 

liXi'CKiMr.NT S. — Feb. 20, 1925; an adult dog. 

Iloth testes were put into the peritoneal cavity through inguinal incisions. 

.Ajiril 1.3, fifty-two days later, castration was done. The testes were reduced 
in size; the tunica albuginea was thickened; the germinal epithelium was gone. 
f)nly a single row of Sertoli cells remained in the tubules. No products of necro- 
biosis were present. The interstitinm was normal. 



688 


ARCHIVES OF SURGERY 


September 10, twentj-one daj-s later, the left testis was removed; the right 
testis was replaced in the scrotum. 

December 15, ninet>-six da 3 -s later, the right testis was removed; a large 
testis was movable in a pendant scrotum. 

Microscopicalh', there was almost complete disappearance of most of the 
germinal cells in the left testis. Onlj* a few spermatogonia- remained. In the 
right the normal condition had been reestablished in most of the tubules. In some 
there were no adult germinal cells. 

Experimext 36. — Sept 1, 1925; a medium sized adult dog. 

The right testis -was transplanted into the inguinal area. The left testis was 
allowed to remain in the scrotum. 

September 17, sixteen daj's later, the right testis was replaced in the scrotum. 



Fig. 11 (experiment 32).— Right testis of same dog as shown in figure 10. also 
in the inguinal region for thirteen days but replaced in tire scrotum^ (-when t e 
testis -was removed) and alloived to remain in the scrotum for si.xtj--three da}^. 
Regeneration in a much shorter time is possible when the testis does not rem 
too long outside the scrotum. 


December 18. nineMvo days later, both testes were removed. The testes were 
about of the same size, raorable in the pendant scrotum. ^ ^ 

Microscopicalh-. the left was normal and there vi'as elaboration oi all 
adult germinal cells in nearlj' all the tubules of the right. 

Exfesi3iext 37. — Sept. 3. 1925 : a large adult dog. _ 

The right testis \\-zs transplanted into the inguinal region. The leit was ^ 

touched. . j 

September 16. thirteen days later, the right testis .was replaced m the scro. ■ 
December 18. ninetj--three daj-s later, both testes ivere removed. The lett w - 

somewhat larger than the right. , 

Microscopicall.v. the left iras normal: marked r^eneration was noted m mo=. 
of the tubules of the right. A few showed little or no regeneration. 
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December 28, 108 days later, the testes were small. The dog had increased 
in weight. Microscopically, the picture was the same as in experiment 44. The 
epididymis was normal. Only fibrous tissue and deposits of a brownish pigment 
persisted in the testis. 

Experiment 46. — Sept. 17, 1923; an adult dog. 

The vessels on both sides were ligated and severed, leaving the vas deferens 
and its accompanying vessels intact. 

Qctober S, eighteen days later, both testes were large and injected. Micro- 
scopically, the contour of the tubules was still preserved. The lumina of the 
tubules was occupied by red blood cells. Most of the germinal cells had disap- 
peared. There was marked edema in the interstitium. Most of the cells stained 
poorly. 

Experiment 47. — Dec. 27, 1923; an adult dog. 

The internal spermatic artery was ligated on both sides. 



Fig. 14 (experiment 45).— Right testis of adult dog in which the internal sper- 
matic artery and all the veins were ligated, leaving only the vessels accompanjing 
the vas deferens intact ; testis removed 108 days later ; the parenchyma of the g an 
and interstitium as well were destroyed; only fibrous connective tissue remaine 

Feb. 29, 1924, sixty-four days later, castration was done. Both testes were 
reduced in size. The microscopic section showed a fairly normal testis witi a ic 
mature germinal cells present. Only a few tubules at the periphery ex i i e 
degenerative phenomena. 

Experiment 48.— March 3, 1925; a large adult dog. , • * nl 

The left testis and spermatic cord were not touched. On the right the in em 
spermatic artery and anterior vein in the pampiniform plexus were cut an(^ 
ligated, leaving the posterior vein and the vas deferens and the vessels accompany 
ing it intact. . , . 

June 9, ninety-eight days later, castration was done. The left testis was 
twice as large as the right. ^licroscopically the left was normal. On t e rig i 
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were no spermatozoa. In many tubules at the periphery most of the cells had 
disappeared, , .(Separation of the vessels in the pampiniform plexus is alwas'S 
difficult because of the small size of the vessels. In all these experiments the 
internal spermatic artery, when cut, was allowed to spurt. to be certain that the 
artery had really been severed. In the veins the procedure is not quite so simple. 
From what has happened in ligation of the internal spermatic artery alone and 
then ligation of the artery with one vein, and ligation of all the vessels save 
those accompanying the vas deferens, it is observed that only the latter procedure 
produces a complete degeneration. Separation of the vessels is attended with 
even greater difficulty just above the testis.) The left was fairly normal. There 
was elaboration of all the mature germinal cells. A few atrophic tubules were 
noted at the periphery. 



Fig- 16.— Testis of a man of 22 ; three years previously this testis was high 
in the inguinal region; in order to place it in the scrotum, all the vessels except 
those accompanying the vas deferens were severed; the bare outline of a few 
tubules still persists. 

Experiment 52. — Sept. 16, 1925; a large adult dog. 

The internal spermatic artery and the anterior vein in the pampiniform 
severed and ligated leaving the posterior vein intact on the right. On the e 
both veins in the. pampiniform plexus were severed and ligated, leaving t g 
internal spermatic artery intact. On both sides the vessels accompanying t e 
vas deferens were not disturbed. The vessels in each instance were expose m 
the upper portion of the inguinal canal. 

December 15, ninety days later, both testes were removed. The right tes JS 
was considerably reduced in size. The left testis was about normal size. 

Microscopically, on the right there were areas of fibrosis, especiallj’’ | 
peripherj'. Elaboration of most of the adult germinal cells in the remaining 
tubules was noted. The normal condition was present in most tubules of the e 
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germinal epithelium was present in both. No degenerative phenomena were 
present. 

Experiment 18.— July 28, 1925; pup 4, aged 5 months. 

The right testis was placed in the peritoneal cavity; the left was allowed to 
remain in the scrotum. 

August 18, twenty-one days later, castration was done. Both testes were the 
same size. Microscopically, the germinal epithelium was from two to three layers 
in thickness. Both were histologically alike. No degenerative phenomena were 
present and no adult germinal cells. 

Experiment 19. July 31, 1925 ; a small pup, aged from 2.5 to 3 months. 

The right testis was transplanted into the inguinal area; the left was not 
touched. 



Fig. 5. — Right testis of same dog as shown in figure 4 after haying been in t e 
peritoneal cavity for twenty days ; the only germinal cells present in either section 
are the spermatogonia; there is no appreciable histologic difference (X 1 )• 


August 27, twenty-seven days later, castration was done. Both testes were 
the same size. Microscopically, a many layered germinal epithelium was 
No degenerative phenomena were observed. Histologically they were sinii ar. 

Experiment 20. — July 31, 1925; a sihall pup, aged 6 weeks. 

The right testis was transplanted into the inguinal region ; the le t was 
touched. jjf 

August 27, twenty-seven days later, castration was done. Both 
the same size. Microscopically, the central lumen was not established. 
a single layered germinal epithelium. The interstitium was prominent, o 
alike, and no degenerative changes were present. 

The transplanted testis when removed, after a few days in its nei^ 
environment, though appearing grossly much the same as its^ e ow 
the dog’s scrotum, microscopically shows a marked degeneration o 
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of diverticula and a thinning of the germinal epithelium. As all these 
' testes were from men of advanced years, this finding is compatible with 
what has been described as the normal condition in old men.^®® In two 
men of 81, spermatozoa were observed. It is said that spermatogenesis 
disappears in the senile testis.^“ 

EXAMINATION OF TESTES OF MEN DYING OF ACUTE AND 
CHRONIC FEBRILE DISEASES 
SERIES VIII 

Thirty-five testes were examined in this series. A scattered disap- 
• pearance of the germinal epithelium appears in a number of testes of 



Fig. 17. — Inguinal testis of a boy of -17, removed during the course of a hernia 
operation ; spermatogonia are in evidence ; the more mature germinal cells, how- 
ever, are absent; comparison should be made with a transplant testis. 

persons dying of acute and chronic diseases. In a few the testis pte- 
serves the normal condition. • The more uniform finding, however, 
appears to be a mild degenerative process in which the mature germinal 
cells disappear. Disappearance of the spermatogonia rarel)'^ occurs so 
that the normal condition may be quickly reestablished after the removal 
of the toxic agent. 

COMMENT 

The histologic change that occurs in the adult testis with removal 
from the scrotum has long been known. In 1891 Piana* interfered 




* Piana : La Clinica Vcterinaria, 1891, quoted by Stilling." 
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Walker and Fuktii have recently stated that the internal secre- 
tion arises in the spermatogenous elements. Though the internal secre- 
tion has not been definitely shown to take origin in the cells of Leydig, 
the weight of evidence would point toward these as its source.”®* In 
cryptorchids in whom the secondary sex characters are preserved there 
is no germinal epithelium. Many of the Sertoli cells are in a degenerate 
state. Though the Sertoli cell carmot be ruled out of consideration as 
can the germinal cells, the . available evidence would indicate that the 
interstitial cell is responsible for the internal secretion of the testis. 

The difficulty of preserving as a graft so highl}*^ specialized a tissue 
as a testis is apparent. When all the vessels to the testis are ligated, a 
mere nubbin of scar tissue results. In such an experiment, an autograft 
is really created. Certainly the circumstances for a good result should 
be more favorable here than in a homo or hetero transplant. 
Lichtenstern states that undoubtedly good results are obtained by 
homotransplantation of testicular grafts. Retterer’s and Voronoff’s 
histologic studies of their own experiments on animals, however, would 
indicate the contrary. 

In 1889 Brown-Sequard ®® demonstrated the efficacy of subcutaneous 
injections of testicular extract. Recently these results have been 
confirmed.^®® The administration of the active principle of the internal 
secretion of the testis by the hypodermic needle would appear to be more 
rational than the two procedures practiced today. 

Neither is there any agreement as to the effect- on the testis following 
the ligation of its blood vessels. Miflet ^®^ in 1879 held as a result of 
ligation of the internal spermatic artery in the dog that this vessel is 
an end artery and that its ligation causes atrophy of the testis. Examina- 
tion of his protocols shows, however, that the degeneration in the germi- 
nal epithelium is only at the periphery of the tubules. Since then 
numerous anatomic researches on the blood supply * of the testis have 
been made in both man and dog. Janisch,^®® Colle,^® Worms and 
Picque and Worms all state that the testis derives its arterial blood 
supply from three sources. The main source is through the internal 
spermatic artery which establishes anastomoses with the artery to the 
vas deferens and the external spermatic artery from the deep epigastric. 
No anastomotic flow occurs between the scrotal vessels and the arteries 
in the spermatic cord. After section of all the vessels to the testis, how- 
ever, Colle ^® states that an anastomosis may obtain behveen the periph- 
eral ends of the funiculoepididymospermatic sy*stem and the scrotal 
vessels sufficient to prevent gangrene of the testis when the usual source 
is interrupted. Pellanda and Neuhaus fail to mention the externa 

* Enderlin ** states that the testis will tolerate total occlusion of the blood 

supply for sixteen hours. 



/'A7»/;.s{ fisniih riisns 


(W 

'J'hr iti «.< vcl.’il inriMjrc wrrr ir;insf<Tr(’<l in tlu’ jUTitoucnl 
cavity anil iiyt.Mjjnal inrinn. After the- lap.-'C nf a prriofl nf time, ottc 
ir-ii*- wa*' irniMVcil »«• «l« triniine the aimtttul ni injttrv and tlt<* oilier was 
replaced in ilie scoiitim. ‘)’li*-se were Miltx'ijuently reniov<*d and com- 
pajiMtii'. with the control mpan made to delermim> whether n-.^rtH'ration 
of the iMiniinal ipiihelinm in the '.emhiiferon*. tnhnle*. had occurretl. In 
tvriy iii'-tance hnt two maikrd ratii>n •»( the perminnl ejiithelium 

with je'tmaiion of •.]<riniaii*.-oa hail ocenned, 'I’he phoiomicrofjraphs 
of th.e cotittop. and the if‘.ti‘» r< placed in the *.crotnnt illn'«trate well the 
ahility of the j'nniina] epifhrlinm to he rei.'eneralefl if the testis is 
icdrpieiiid in tlie 'ciotnm. When the ie*.ti*> remains too lonj; in the 
peiitone.'d ca^ity and nio<t of ilir- ■•pi unaio;:onia are destroyed the retjen- 
rjative ahility of the pesminal ipithilinm is lo>.i. This orcnrr<*fl in tin.* 
fomth doj* in ihi- 'ciSr-. After jimainint^ for l<tl days in the periiotical 
cavity, thi* Je>iis v.m". si pl.-.c d iti the '•croUtm, \'o evidence of re.i;<‘tiera- 
tion was appatmt atJo' foit-i-two days. In the lifth do;: in this series 
the Si'ijs h.-.d j'ti.K'tid ois! of the 'csotal pouch and was fonnd at the 
loWir cr.d of tlie ij-.iM;i;;:ii canal. 'Use physiologic ]>osi(ioti of the te.stis 
at the hottoiji of the •ciotnm nnet ihejcfot'e he restored. In all these 
sciotal jipovjii. tile tistj. n'.j. sntnsed to the h.ittom of the scrotnm. 
The ptn'e ‘is in:.’ Miime n-nl at the tipper end of the .srroinm prevent.s 
retraction oitt of the 'ciotal poitch. Inn this is not the proper location of 
ilte ifsii'.. Tlijs point will he di‘cussrd at jprater len;:th when the 
stnjtery of tsndi*c<nd«d ii-sii s consich-rid. 

i.m.Mioj,' or nij' v,\s m i l iti N.s 
•HI!’, r.' 

Li;:ation of the vas deferens was carried oiii on one side, anil on the 
other all the vessels to the tesijs inrlndhu: the vessels accompanying^ the 
vas deferens wen- severeil. Only the vas itself remained intact on 
this side. 

K.\r»an,v.r;;r 3''', — /Nin:, 2.i. P>>.t; jmp, a^fcl alsmt ? inmitlis. 

The rluJit v.Ts ilcfercii' ahnu- tva* liValnl and m-vitciI on the left. .-Ml tlic 
vi-scels were cut and tied; only die vas iiself was h-fi intact. 

.*seiilendtir 7. fifteen day.s later, easiratiun was dune. There was only a small 
j»iece fif scar tissiie nn die left. Tlic n’Klif ii-stis was nf die same size as at the 
ortKtnal tirocednre. Mienise«i|n’eally, llw riKlit sliowed a i»rejHtlierty testis in 
which no I’crminal cells heyimd tlie s|HTinatot;tinia had heen formed. There were 
no dcReneralive changes. In the left only lihrons eonneetive tissne remained. 

h'xftaiiMr.VT 2'K — /Viir. 2-1, 102.1; ;i larne yoniiR doft. 

The riKlit vas deferens only was iiRated and severed. On the left all the 
vessels to the testis anil e|)ididymis were severed and dotddy liRntcd. 

December 27, 12.5 days later, eastratiiin was done. Measurements of the riRht 
te.stis showed that it had increased in si/e since the previous procedure (to 4 by 3 
by 2..5 cm. from the previous .1 by 2.3 by 2 em.t. .Microscopically, in the right all 
the mature germinal cells were present, including spermatozoa. No sections 
were made of the left. 
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those cases where it is necessary to divide them in order to bring the 
testicle well down into the scrotum.” Since then, this procedure has 
frequently been practiced with varying results.^®®* 200, 290 

Previously Griffiths had demonstrated on dogs that ligation of all 
the vessels except those accompanying the vas deferens always results in 
atrophy. Griffiths performed this experiment five times and only in 
one instance was the testis normal. But in that case the “ligature could 
not be found and free communication had become established as injec- 
tions passed readily along the spermatic artery into the testis.” In all 
the other instances cyanotic destruction, sloughing testis or extensive 
degeneration were noted. Griffith did one experiment ligating the 
internal spermatic artery and the deferential artery ; necrosis of the testis 
followed. In ligations of the internal spermatic artery alone, destructive 
changes were noted in the testes examined a few days .after the ligation. 
But when a longer period of time intervened, the testis was found to be 
normal. Griffiths reasoned that the establishment of the normal histologj' 
was due to collateral circulation. 


Alessandri ^ found that ligation of the spermatic artery and veins in 
the pampiniform- plexus always caused degenerative changes. Ligation 
of the artery alone occasioned nutritive disturbances but ho atrophy. 
Ligation of the artery to the vas deferens was without effect. Martini 
observed only a*transitory effect on the testis after ligation of the internal 


spermatic artery. 

Gangrene of the testis did not occur in experiments done by 
Moschowitz in which the main bundle of vessels was ligated in dogs. 


Gessner ^®® observed atrophy of the germinal epithelium of the testes in 
five dogs in which .the same procedure was carried out. More recently 
Koyano has practiced ligation in dogs of the vessels extraperitoneally 
internal to the anterior superior spine in order to eliminate the factor of 
trauma. In his hands, ligation of the internal spermatic vein provoke 
the least change in the germinal epithelium. Ligation of the interna! 
spennatic artery and vein was followed by slight but more definite 
degenerative phenomena in the germinal epithelium. The greatest 
amount of atrophy Koyano observed after ligation of the internal 
spermatic artery alone. He therefore believes that the procedure of 
vessel section in tlie treatment of undescended testis is rational and 


justifiable. 

Haberer has worked out in detail the venous outflow of the testis 
and epididymis. A great venous communication exists about the testis 
and epidid5fmis Haberer states, and he finds that the blood may leave 
by four possible routes. Most of the return occurs through the internal 
spermatic vein, a lesser amount through the external spermatic vein, and 
portions through the vein of the epididymis and the vein of the vas 
deferens. The external spermatic vein empties into the deep epigastric. 
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there was a large area of fibrosis in the niidportion of the testis. Most of the 
tubules showed normal spermatogenesis with spermatozoa present. 

Experiment 49. — March 17, 1925; a large mature dog. 

The internal spermatic artery was ligated and severed on both sides. 

June 9, eighty-four days later, castration was done. Both testes were smaller 
than at the original procedure. Microscopically there was fibrosis in these areas. 
Spermatocytes and spermatids were present but no spermatozoa (a well elabo- 
rated germinal epithelium, however, which could develop normal spermatogenesis). 

Experiment 50. — March 25, 1925; a large adult dog. 

On the right the internal spermatic artery was ligated and severed. On the 
left the internal spermatic artery and anterior vein in the pampiniform plexus 
were ligated, leaving the posterior vein intact, as well as the vas deferens and its 
accompanying vessels. 



Fig. 15. — ^The testis of a boy of 19 who, six years previously, had an orchido- 
pexy performed in which all the vessels, except those accompanying the vas, were 
divided, in order to place the testis in the scrotum; the similarity to figure 14 is 
apparent. 

July 20, 117 days later, castration was done. Both testes were smaller. Micro- 
scopically, both appeared much alike. Spermatogenesis was present in most 
tubules. A few were empty. Numerous spermatozoa were present. 

Experiment 51. — April 9, 1925; a mature dog. 

On the right the veins in the pampiniform plexus only were ligated and 
severed. The internal spermatic artery and the vas deferens and its vessels were 
left intact. On the left the internal spermatic artery and the anterior vein in the 
pampiniform plexus were ligated, leaving the posterior vein and the vas deferens 
and its vessels intact. 

July 20, 102 days later, castration was done. Both testes were smaller. On 
the right a fairly well differentiated germinal epithelium was present. There 
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testis to division of the internal spermatic artery and vein in the retro- 
peritoneal space do not therefore obtain in the operation as done for 
undescended testes. 

Ligation of the internal spermatic artery and pampiniform plexus 
always results in atrophy of the germinal epithelium and interstitium 
of the testis as well. Statements to the effect that ligation of these - 
vessels is without deleterious effect on the testis will not beat investiga- 
tion. A comparison of the photomicrograph that represents the testis 
recovered from a patient on whom orchidopexy with vessel section had 
been done a few years previously with what obtains in the dog is quite 
convincing as to what happens to the testis when all the vessels except 
those accompanying the vas deferens are divided. 

Transference of the testis from the scrotum in adult dogs always 
results in atrophy. Whether the testis is placed in the retroperitoneal 
region, the peritoneal cavity or the inguinal region, degeneration of the 
germinal epithelium always occurs. Ligation of the vas does not cause 
atrophy. Ligation of the internal spermatic artery and with it the 
nerve supply to the testis does not cause a disseminated destruction of 
the seminiferous tubules. 

When the testes are replaced in the scrotum, a fairly normal condi- 
tion is reestablished. Spermatozoa are found in the tubules and in the 
epididymis. Moore has recently also shown that regeneration of the 
germinal epithelium occurs in the seminiferous tubules of guinea-pigs 
and rabbits after scrotal replacement following elevation to the peritoneal 


cavity. 

The scrotum, therefore, is essential to the normal development of a 
testis, and Moore has rightly ascribed to the scrotum an important 
physiologic function. 

Just what the scrotum affords the testis that is lacking elsewhere has 
been an interesting but mystifying problem. Piana concluded from his 
experiments that the temperature in the abdomen was unfavorable.'®® 
More recently Turner examined the testes of perch during different 
seasons and found that with fall in temperature of the water spermato- 
genesis began and ceased with increase in temperature. Later Crew 
pointed out that the scrotum was well equipped for local heat regulation 
in that no insulating layer of fat intervened between the skin and the 
dartos muscle; he suggested that this circumstances accounted for the 
aspermatic condition of cryiJtorchid testes. Benedict and Slack “ had 
previously demonstrated that a constant body temperature is only reached 
at a depth of from 6 to 8 cm. and that a temperature gradient of S degrees 
obtains between the bodv cavities and the external surface. Fukui ^°" ’ 


in Japan has recentl}'^ observed that exposure of the dog’s scrotum to the 
sun at temperatures of 44-49 C. for two hours produced degenerative 
changes in the germinal epithelium. The same occurred if the dogs 
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Invariably after ligation of all the vessels in the spermatic cord 
except the artery to the vas deferens, complete atrophy of the germinal 
epithelium and interstitium occur such that the parenchyma of the gland 
is replaced by fibrous tissue. The epididj-mis continues normal. In 
the animals in which castration was done after a shorter inter\'al, 
necrosis of the parenchyma of the testis was observ’ed. After ligation of 
tiie internal spermatic artery, a diminution in size of the testis is con- 
stantly noted. jMany of tliese testes, however, appear fairly normal 
throughout the greater portion of the gland on microscopic examination. 
Here and there at the periphen’ atrophic tubules occur, A lesser 
number showed this partial degenerative process fairly well disseminated 
throughout the greater portion of the gland. Ligation of the internal 
spermatic artery with eitlier the anterior or posterior group of A'eins in 
the pampiniform plexus leads to a rather more marked degenerative 
process tlian does ligation of. the arteiy* alone. When interruption of 
all the blood supply to the testis occurs, that is, ligation of the internal 
spennatic artery and veins in the pampiniform plexus together with the 
vessels accompanying the vas deferens,, the testis shrinks up to a mere 
nubbin of scar tissue. Gangrene was obser\'ed onh- once and in this 
instance infection was present. 

EXAMIXATIOX OF UXOESCEXDED . TESTES IX MAX . 

SERIES VI - ’ 

Seventeen testes that had failed to reach the scrotum were obtained 
for examination. .Unfortunately no prepubertA’ undescended testes were 
available. In the testes of old subjects, even the seminiferous tubules 
had a hyaline appearance. The interstitial cells appeared increased in 
number. In two testes spermatogonia were observed. In the testis of 
a boy of 17 spermatoc\*tes also were present. The similarity between the 
undescended testis in man and the experimentally ectopic testis of the 
dog is apparent. 

THE TESTIS IX L.^RGE SCROTAL HERXIAS AXD HYDROCELES 

SERIES VII 

Nine testes that were removed in the cure of large old scrotal hernias 
were examined. Fourteen testes were obtained for examination from 
patients who had had large hydroceles over a long period of time (8-12 
ounces [236 to 355 cc.] of fluid present) and six were examined in 
whom both a scrotal hernia and a hydrocele had existed together. 

As long as the testis continues in the scrotum, the elaboration of the 
adult germinal cells is possible. In the testes of men in whom large 
scrotal hernias or hydroceles had been present for 3'^ears, the normal 
condition prevailed. The only anatomic peculiarity observed was an 
apparent increase in size of the lumen with a tendency to the formation 
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disturbances,^®® chronic debilitating diseases, chronic alco- 
holism, starvation and vitamin free diets ®> ®®» have all been 

known to bring about the same condition. Adler ® reports injury to the 
saniniferous tubules after iodine administration. In one case coming 
under my observation this change was not noted. 

In 1903 Albers-Schdnberg ® called attention to the sterility that occurs 
after exposure to the roentgen rays. Numerous observations 
148, 240 corroborated this finding. As in the cases of 

star\'ation, acute and chronic febrile diseases, the removal of the cause 
enables the seminiferous tubules to be rehabilitated. So here the effect 
is usually transitory, unless the spermatogonia have been destroyed. In 
the prepuberty testis in which spermatogenesis has not been established 


Table 1. — Average Weight of Testis from Birth to Eighteen Years (Mita) 




Gm. 


Gin. 


6m. 

Xew-born ... 

. . . . 0.3 

1 year 

0.7 

2 years 

... 1 

5 

} ears 

.... 1.1&-1,23 

11 years 

1.93 

12 years 

... 1.9 

13 

years 

4.60 

15 years 

11 

17 years 

... 16 

18 

years 

17 





Table 2.— 

-Average 

Weight of Testis from Birth to Fifteen Years 

(Wwedensky) 




. Testis Weight in 

Epididymis Weight in 




Grams 



Grams 




Right 

Lett 

Bight 

left 

New-born .. 



0.2 

0.186 

0.12 

0.12 

3 montbs... 



0.b2 

0.51 

0.19 

0.18 

1 year.... 



0.72 

0.71 

0.2 

0.2 

1- 5 years.. . 



0.86 

0.8T 

0.18 

0.2 

S-10 years... 



0.8 

0.82 

0.24 

0.21 

11 years... 



1.2 

1.3 

0.4 

0.39 

12 years... 



^ 1.5 

1.5 

0.42 

0.42 

14 years... 



1.48 

1.5 

0.52 

0.52 

15 years... 



6.79 

6.83 

1.00 

1.00 


this reaction is minimal.®®'* No degenerative phenomena are in evidence, 
but edema and red blood cells may be present.* 

Wwedensky ®®® in an examination of forty-six cases from birth to 
fifteen )'ears found the results given in table 2. 

Elsewhere only brief mention has been made of the anatomy of the 
prepuberty testis. The general conformation of tlie testis as in the adult 
is ovoid, but bean shaped organs with a concave posterior aspect and a 
prominent hilum are not infrequent. Biidinger®® has stressed this 
finding as significant in incompletely descended testes, but Gundobin ** 
says this is not unusual in the normal. IN'Iita has weighed and micro- 
scopically examined 113 testes in ages from birth to 18 years. All but 
twent 3 '--two of these were in children under 13. He appends a table of 
average weights (table 1), the amount being designated in grams or 
fraction thereof for one testis. 

* Schultze ■“ and Simmonds state that this is a frequent finding in the 
apparently normal new-born. 
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and the occurrence of spermatogenesis does a marked change in the 
histology occur. In the testis of the new-born there is no real lumen 
in the tubules. Two or three irregular rows of cells almost completely 
fill the tubule. The spermatogonia may be present singly or in groups. 
Spangaro states that the proportion of spermatogonia to Sertoli cells 
is from 1 : 35 to 1 : 200 to 1 : 400. In the preadolescent period the only 
changes that occur are the establishment of a central lumen; a definite 
arrangement of the Sertoli cells, and an increase in the number of 
spermatogonia, such that the proportion of spermatogonia to Sertoli 
cells increases to 1 spermatogone to every 12-20 Sertoli cells. However, 
Spangaro states that a definite relationship between the number of 



Fig. 23. — Testis of a 5 year old child ; there is more definite outline of tubules 
than in figure 22 and beginning lumen formation. 

spermatogonia in the tubules and the age of the child does not exist. 
The morphology of the spermatogonia themselves throughout the period 
from the first to the fourteenth year Spangaro finds is much the same as 
that of the new-born. 

Mita concurs in all of Spangaro’s findings, but states that a rapi 
rate of growth occurs between the twelfth and the thirteenth years. 
Spermatogenesis was first observed at 13. 

W wedenski classifies the changes that occur in the testis of t le 
3 'oung in the following manner. 

During the first fetal period from the fourth to the eighth monti 
the tunica albuginea consists of but one layer and is of fine connectne 
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of the vas deferens. Oslund calls attention to tlie fact that the testis 
must be known to be in the scrotum. In many cases, the ligation has 
been practiced on rodents in which the testes may be retracted out of the 
scrotum at will. Oslund and Moore and Quick have not 

observed hypertrophy of the interstitial cells following vas ligations. In 
the experiments done by me the germinal epithelium did not disappear, 
nor was hypertrophy of the interstitium noted. When the testis is 
known to be in the scrotum and a sufficient length of time intervenes to 
preclude damage as a result of operative trauma, ligation of the vas 
deferens should be without event in normal healthy animals. Certainly 



Fig. 19. — Scrotal testis of a man of 81 who had a large scrotal hernia and 
hydrocele for many years; the normal condition is present: the lumina appear 
unusually large and diverticula in the tubules are present — both normal findings 
in the testis of the aged. 

any kinks that may occur in the vas deferens or epididymis when the 
testis is not in the scrotum is not tlie cause of the atrophy. 

The rejuvenation of senile animals noted b}'^ Steinach following 
this procedure is difficult to account for. In the results obtained by 
Steinach and Sand in patients the psychic effect or reaction to the 
operation may in a large measure discount the credit due the procedure. 
Certainly no histologic effect follows interruption of the vas in man 
or animals. In congenital absence of the vas deferens and after a 
number of years occlusion following gonorrheal epidid}TXiitis, the 
histology of the seminiferous tubules and interstitium still remain 
normal.^^® 
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It is true that the spermatogonia in the mature dog’s testis after a 
prolonged transference from, the .scrotum do disappear, and when 
replaced in the scrotum the mature germinal cells cannot be regenerated. 
When spermatogenesis supervenes the resistance shown by the resting 
spermatogone of the young animal is greatly diminished and it becomes 
as the other germinal cells, though in less degree, the victim of its new 
environment. 


The ability of the testis to regenerate its structure has been the sub- 
ject of a number of researches.^^®* Anatomists are divided con- 

cerning the mode of origin of the germinal cells. One school believes 
that the Sertoli cells are the progenitors - of the entire germinal 
epitheliuni,^^"* the other that the Sertoli cells have only a nourishing 
function and that the mature sexual cells are all developed from the 
spermatogonia that are present at birth. If the dog’s testis is allowed to 
remain in the peritoneal cavity until all the spermatogonia have disap- 
peared, no regeneration of the germinal epithelium is observed when 
the testis is replaced in the scrotum. 

Before puberty the experimentally undescended testis develops much 
like its fellow in the scrotum. But if allowed to continue in its new 
habitat, it will make an attempt to maintain a normal spermatogenesis, 
but degenerative changes frustrate its attempts. 

In how far can these data be construed to have any bearing on the 
human testis? It has been shown that no destructive changes are 
observed in the testes of young dogs when transferred to new surround- 
ings outside the scrotum. It has been offered in explanation that the 
germinal cells in the testis at this time are few, the testis itself is small 
and only the onset of spermatogenesis makes the testis sensitive to 
injury. Transference of the testis in the adult dog from the scrotum 
always results in atrophy, but replacement in the scrotum at not too late 


a date restores the spermatogenic function again. 

Frequent reference has been made throughout this article to Moore s 
excellent work on experimental cryptorchidism. Recently he has 
shown that the testis of the rat and guinea-pig when placed in the peri- 
toneal cavity will regenerate its germinal epithelium if redeposited in the 
scrotum. He concludes that this unquestionably demonstrates that the 
undescended testis is degenerate because of its position. The first experi- 
ments in this study were on guinea-pigs and rabbits. It occurred to me 
early, however, that in order to draw any conclusions relevant to the 
undescended testis in man an animal must be used in which the testis is 


alwap'-s resident in the scrotum. The testes of guinea-pigs and rabbits, 
like those of all rodents, can be drawn up at will into the abdomen. 
Tandler and Grosz studied the seasonal changes in the testes of the 
mole. They found that during rest in tlie month of March the germinal 
epithelium reaches its highest development and then gradually wanes. 
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spermatic artery in their studies of the arterial circulation of the testis. 
Pellanda* also minimizes the importance of the deferential artery. 
Ludwig and Tomsa state that the blood supply of the testis in the dog 
is the same as in man. Griffiths finds that the vascular arrangement 
in man and dog are much the same. Schmidt has studied the circula- 
tion of the testis in both man and dog and states that the comparison is 
not so complete as Ludwig and Tomsa indicate. The source of supply 
is the same but the disposition of the vessels slightly different. The 
internal spermatic artery is more twisted in the dog and doesn’t divide 
into two branches as soon as in the human being. Ellenberger and 
Baum ‘® state that an anastomosis obtains in the dog between the three 



Fig. 20. — Testis of a man of 24 ill four years with pulmonary tuberculosis ; no 
mature germinal cells are present; spermatogonia, however, are numerous. 

vessels mentioned above. Experiments on the dog’s testis are therefore 
applicable in the case of man. 

In 1902 Mignon in France advocated the section of all the vessels 
in the spermatic cord, with the exception of those accompanying the vas 
deferens, as a measure to aid low fixation of the testis in die scrotum 
in orchidopexy for incomplete descent. The following year, Bevan 
independently in this country concluded from operations on varicocele 
in which he had sacrificed all the vessels in the spermatic cord except 
those accompanying the vas and in which no apparent interference with 
nutrition had occurred, that these vessels “could be safely sacrificed in 


♦Pellanda; Internat. Monatschr. f. Anat. u. Phys. 20:240-265, 1903. 
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prepubei-ty or puberty testes. In their following article they report 
twenty-six cases ; eleven of which were in the young. Excerpts from 
the descriptions of the testes in their second publication on the subject 
are tabulated. Their conclusions and findings were the same in both 
articles. 

Of the fourteen undescended testes examined in the first series, 
eight were said to be normal for the age. (Included among these, 
eight were testes of subjects from 11 to 14 years.) One in a boy of 
four was tuberculous. Of the remaining five, all occurred in subjects 
13 years of age and the description given these was that the germinal 
epithelium was not commensurate with what one should expect at this 
age. From the researches of Spangaro,^®® Wwedenski^®® and Mita,^®® 
however, it is apparent that the histology of -the new-born child’s testis 
and that of the boj'- of 13 before spermatogenesis occurs are veiy similar. 

Tabulation of descriptions of the young testes in Felizet and Branca’s 
second series follows : 


1. Observation 29. Age, 6. Spermatogonia in repose; some of these in mitosis. 

2. Observation 33. Age, 9. The seminal tubules were constituted by epithelial 
cells and a number of male ovules (spermatogonia), "The canals are full but 
rare.” The diameter of the canals varied from 2j6 to 4S microns. Only a maximum 
of thirteen seminal canals could be counted in any one fixed field with a number 4 
objective, (In a footnote at the bottom of the same page they state that as many 
as from twenty-five to thirty tubules have been counted in another undescended 
testis in a boy of 9.) 

3. Observation 34. Age, 15. Numerous spermatogonia in mitoses; degenera- 
tive changes also apparent. 

4. Observation 36. Age, 14.5. 
in mitosis ; also spermatocytes. 

5. Observation 39. Age, 17. 
erative changes. 

6. Observation 40. Age, 8. Tuberculous testis. 

7. Observation 42. Age, 6. Spermatogonia present, as many as five per tubule ; 
lumen present in most of the tubules ; in places desquamated elements from male 
ovules" and Sertoli cells. (The latter statement is certainly open to doubt.) 

8. Observation 44. Age, 12.5. Numerous spermatogonia in repose; many in 
process of division; also spermatocytes of first order; a number of Sertoli cells 


Numerous spermatogonia, some in repose, others 
Spermatogonia and spermatocytes; also degen- 


were in the process of degenerating and contained fat. 

9. Observation 45. Age, 12. Some of cells were filled with fat; some were 
desquamating into the central lumen; did not stain as well as normally. 

10. Observation 46, Age, 14. Chromatol 5 ’’sis of some spermatogonia ; others 
in the process of proliferation ; a few spermatocytes were present in several stages 
of mitosis. 

11. Observation 47. Age, 14. A few areas of degeneration; some infantile 
tubules present; some showed vacuolated spaces from which the germinal cells 
were disappearing; some tubules were of normal diameter and showed sperma- 
togonia and spermatocytes in mitosis. 

12. Observation SO. Age, 14. Spermatogonia and numerous spermatocytes, 
also evidences of degeneration. 
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the veins of the vas deferens into the plexus about the seminal vesicles, 
and the vein of the epididymis into tlie internal spermatic. Anastomoses 
between the veins, it is apparent, therefore, occur only in the lower por- 
tion. Interruption of the veins in the pampiniform plexus below the 
anastomoses will interfere considerably more with the circulation in 
the testis than the ligation of the internal spermatic vein alone high in 
the extraperitoneal region. This fact has long been known in the treat- 
ment of varicocele,^^* and the high ligation of the vessels 

has superseded the scrotal resection of veins. Koyano’s observation, 
therefore, that ligation of the internal spermatic artery and vein in the 



Fig. 21. — ^Testis of a seven months premature infant (one of triplets; the 
histologic picture was the same in all testes; the testes in each instance were 
still within the abdomen) ; the lumen has not been established in the tubules ; 
Sertoli cells and spermatogonia alone constitute the walls of the seminiferous 
tubules; red blood cells are present in the intertubular spaces. 

extraperitoneal region is without considerable effect on the histology of 
the testis is interesting, but amounts to virtually the same thing as my 
ligation of the internal spermatic artery and anterior group of veins in 
the pampiniform plexus; this ligation, as I have shown, may be com- 
patible with a fairly normal spermatogenesis in the tubules. Marked 
diminution in size of the testis, however, occurs. 

In the operation as practiced for scrotal fixation of the undescended 
testis, when vessel section is done, all the vessels except those in imme- 
diate relation with the vas are severed. Only rarely are the vas and the 
vessels that accompany it of insufficient length. The reaction of the 
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all these instances, however, the operation was done after puberty * and no 
record was obtained as to the absence or presence of spermatozoa before 
the operation. Because of the age at which the operation was done, I 
feel that these must be regarded as instances of those cases in which a 
temporary spermatogenesis may occur in cryptorchids. 

All these facts do, however, demonstrate that the undescended testis 
goes through the state in which a mature germinal epithelium is 
elaborated. The very fact that a certain number of cryptorchids’ testes 
are functional in an abnormal habitat demonstrates that they are not 
ab ovo imperfect. The fact that degenerative changes appear, as Felizet 
and Branca have described, in the undescended testis at puberty is 
significant that the more mature germinal cells are produced, for the 
immature or prepuberty testis does not exhibit degenerative changes. 
Similarl}’-, the testis of the young dog .undergoes no change when 
elevated into the inguinal region or peritoneal cavity. The adult dog’s 
testis is subject to degenerative changes if removed from the scrotum, 
but when replaced in its normal environment before all the sperma- 
togonia have disappeared, the histology of the tubules can be restored. 

Given the stimulus to development, therefore, that the scrotum 
affords, the undescended testis of man, if successfully placed in the 
scrotum before the changes incident to puberty occur, should develop 
normally. 

THE SURGERY OF THE UNDESCENDED TESTIS 

No attempt will be made here to discuss the numerous procedures 
that have been suggested to deal with the undescended testis. The 
principles involved in the treatment of the condition will be briefly 
considered. 

In general there are three methods practiced in the treatment of 
arrest of descent, viz., removal of the testis, abdominal reposition and 
orchidopexy. Szymankowski,®®^ himself the victim of malignancy in 
an inguinal testis, was a strong advocate of its therapeutic removal. 
Many support him in this belief.®®^ Others urge removal of the inguinal 
testis only in the event of pain or other complicating factor, and still 
others believe that the inguinal testis should be removed after 
puberty if the other testis is in the scrotum- The testis within the 
abdomen has usually been left alone unless a hernia has necessitated 

* Duchesne “ reports the case of a boy with bilateral incomplete descent. At 
16 an inguinal testis was placed in the scrotum; at 17 a right inguinal testis was 
similarly treated, but retracted to the external ring. At 18 spermatozoa were 
found in the semen. Froehlich reports the same finding in a boy of 18 who 
had been operated on the year before for bilateral inguinal retention. Coley 
obsen-ed spermatozoa in the ejaculation of a man of 30 after the bilateral opera- 
tion. Coudray®* observed a boy whose testes descended spontaneously after 1 
years of age; nine years later sperm were present. 
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scrotum were immersed in water at the same temperature. The lowest 
temperature that will cause these changes he found to be 40 C. The 
higher temperatures required much less time to bring about the same 
effect. Moore and Quick have observed these degenerative changes 
in the testis of guinea-pigs when exposed to increased temperature. 
Moore and Oslund have also shown that following insulation of the 
scrotum of a ram with successive layers of woolen batting and cloth the 
same aspermatic condition is produced. Moore and Quick observed 
a difference of 8 degrees C. between the temperature of the scrotum 
and abdominal cavity in guinea-pigs. 



Fig. 22. — Testis of a 2 year old child. 


These data would indicate that the scrotum exerts a beneficial influ- 
ence on the testis through its ability to maintain a constant temperature. 
Whether the thermal explanation is correct or not, at least the scrotum is 
ver)"- necessary to the maintenance of a normal histologic picture in an 
otherwise normal healthy gland. 

There are a few other facts that would support the heat factor as 
being of considerable significance. Hart observed that elevation of 
the body temperature in gray mice when kept in iron cages at a tempera- 
ture of 40 for five da)’^s causes atrophy of the germinal cells. It has long 
been known that in acute febrile diseases a degeneration of the germinal 
epithelium occurs. Stigler showed that a temperature of 40.2 for 
four hours would cause the sperm to lose their motility. 

The germinal epithelium apparently is sensitive to injur}' and a num- 
ber of other agents can bring about its disappearance. Acute febrile 
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The undescended testis, therefore, should be in the scrotum before 
spermatogenesis occurs. Because of the occasional occurrence of late 
descent, the operation may well be delayed until the ninth or tenth year; 
not infrequently a testis that could not be palpated will come down into 
the canal during the first few years of life. The presence of a hernia 
may urge the performance of the operation at a relatively early date. It 
has previously been stated that the testis increases little in size until 
puberty. The increase in the musculature of the vas and cremaster 
parallels the increase in size of the testis. He who advocates 
waiting until the structures are larger would jeopardize the func- 
tion of the testis. I feel that the age of choice in which to do the proce- 
dure lies between the ninth and eleventh years. Only rarely will the 
placing of a testis into the scrotum as late as the sixteenth year be of any 
functional benefit. In the patient who presents himself for operation 
at a late date, the result can only be cosmetic. 

OPERATIVE PROCEDURE 

The modern operation of orchidopexy begins with Schuller,-'® It 
had been previously performed but with little success.^’ *■'’ 
Bevan’s admirable description of the procedure contains prac- 

tically everything that is fundamental in the technic. Adherents of 
the procedure everywhere have since found that the separation of the 
testis from the vaginal process, the -freeing of the vessels and vas 
deferens into the abdominal cavity, and the separation of the fascial 
coverings of the cord permit the mobilization of the testis. The suture 
of the lower portion of the vaginal tunic around the testis is not neces- 
sary to the success of the procedure. 

In one particular, however, I cannot agree with Bevan. In many 
instances, as Bevan states, after the testis has been mobilized it may 
with ease be placed on the thigh several inches below the inguinal liga- 
ment. If the testis is then placed in the scrotum, one is surprised to 
find that in a few days it has retracted to the top of the scrotum. 
Bevan’s purse string suture, it is true, will prevent the testis from being 
retracted out of the upper part of the scrotum, but this is not the 
physiologic position of the testis. Many believe that anchoring the testis 
at the radix peni accomplishes what nature had intended. However, 
such is not the case. Since Fukui’s and Moore's 

researches, it is apparent that the bottom of the scrotum is the psysiologic 
position of the testis. Under the influence of cold the scrotum retracts, 
and on warm days the scrotum is quite pendant and the normally situated 
testis follows the movements of the scrotum, 

I therefore believe that suture of the testis to the bottom of the 
scrotum is necessary, but not this alone. A suture should be run through 
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Reich * has recently reported 426 testes measurements in the living 
by the use of calipers in 221 boys of various ages from birth to 16 years 
of age. A study of his measurements shows that the testis scarcely 
shows any definite appreciable growth before the eleventh year. Table 3 
is a record of his measurements. 

I 

From these weights it is apparent that the testis increases but slowly 
in weight from birth to puberty. Scammon states that the weight 
of the two testes at birth with their epididymides is about 2 Gm. During 
the first two years of life this weight is doubled, but until the thirteenth 
or fourteenth year the increase is very gradual, the average combined 


•Table 3. — Measurements of Testis from Birth to Sixteen Years in 221 Boys 

(Reich) 


Ifo. Ol 


Age Cases 

0- 1 month 6 

1- 2 months 7 

2- 3 months 11 

3- 4 months 7 

4- 5 months 4 

5- 6 months 6 

6- 7 months 4 

7- 8 months 3 

8- 9 months 5 

9- 10 months 4 

10- 11 months 5 

11- 12 months 7 

1- 2 years 28 

2- 3 years 13 

3- 4 years 10 

4- 5 years 5 

5- 0 years 6 

6- 7 years 14 

7- 8 years 11 

8- 9 years 13 

9- 10 years 8 

10- 11 years 11 

11- 12 years 8 

12- 13 years 7 

13- 14 years 6 

14- 15 years 6 

15- 16 years 4 


Xeft Bight 

j * 


Length, - 

Breadth, 

Length. 

Breadth. 

Cm. 

Cm. 

Cm. 

Cm. 

1.5 

0.7 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.7 

0.8 

1.7 

0.8 

1.7 

0.8 

1.7 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.9 

1.6 

0.9 

1,7 

0.8 

1.7 

0.9 

1.6 

0.9 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.6 

0.8 

1.7 

0.9 

1.7 

0.8 

1.7 

0.9 

1.7 

0.9 

1.7 

0.8 

1.7 

0.8 

1.5 

0.9 

1.6 

0.8 

1.7 

0.9 

1.7 

0.9 

1.7 

0.9 

1.7 

0.9 

1.9 

0.9 

2.0 

1.0 

2.3 

1.2 

2.3 

1.2 

2.8 

1.4 

2.8 

1.4 

2.8 

1.4 

2.9 

1.3 

3.5 

2.0 

3.6 

2.0 


weight of the testes and epididymides then being about 4 Gm. Mita’s 
figures show that the sudden increase in weight occurs about the thir- 
teenth year. In Wwedensky’s statistics this marked increase is 
delayed until the fifteenth year. At all events, the increase in weight 
from the end of the first year to the time at which a sudden increase 
occurs is but a gram for each testis. Reich’s data show that there is 
practically no increase in size of the testis until the beginning of the 
twelfth year, and Reich states that there is no growth of the testis during 
the first eleven years of life. 

Spangaro studied the histologic changes in testes from birth to 
old age and noted the similarity between those of the new-born and the 
prepuberty testes. Only with the increase of weight incident to puberty 


* Reich: Testikelmessungen bei Kindern, Jahr. f. Kinderh. 105:290-300, 1924, 
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I would advocate, therefore, as a routine procedure in complete 
descent or nialdescent of the testis early surgical intervention. The 
testis wherever possible should be brought to lie at the lowest portion 
of the scrotum. Only in a scrotal testis will the germinal epithelium 
develop normally. A high scrotal testis is better than one in the 
inguinal region or one retained within the abdomen. Abdominal reposi- 
tion of the testis is preferable to vessel section. In such an event, the testis 
is probably better placed in the retroperitoneal space. If placed in the 
peritoneal cavity,* torsion is more likely to occur.-**® A tender or 
painful testis in the inguinal area that can not be gotten into the scrotum 
without vessel section may as well be removed, for if replaced within 
the abdomen not infrequently it continues to be painful.^®® An abdominal 
testis still maintains its internal secretion; a testis with the vessels cut 
is functionless. Castration in the uncomplicated undescended testis is 
rarely indicated. One-sixteeuth of a normal testis suffices to permit 
the secondary sex characters to develop normally in the rabbit and 
guinea-pig, and man probably would do very well with one. Hyper- 
trophy of the remaining organ, however, does not occur ^®® after castra- 
tion. Malignancy of the testis is rare, more common in the undescended 
than in the scrotal testis. Scrotal fixation does not diminish the pos- 
sibility of malignancy. Why remove such an organ prophylactically 
when it is so seldom the seat of malignancy, when we fail to apply the 
same rule to structures in which malignancy is not unusual ? 

SUMMARY 

The testes of adult dogs have been placed in the inguinal region and 
the peritoneal cavity. Loss of the germinal epithelium always follows. 
These changes are not observed in the prepuberty dog’s testis when 
placed under similar experimental conditions. Ligation of the vas 
deferens does not result in atrophy of the germinal cells nor in hyper- 
trophy of the interstitium. Section of the internal spermatic artery is 
followed always by diminution in size of the dog’s testis and by scat- 
tered degenerative changes in the tubules ; spermatogenesis still continues. 
Ligation of the internal spermatic artery with either the anterior or 
posterior group of veins in the pampiniform plexus is followed by the 
same change that accompanies ligation of the artery alone. Ligation of 
the internal spermatic artery and all the veins in the pampiniform plexus 
alwa)'s results in total destruction of the testis. The preservation of 
the tunica vaginalis testis is not necessary for the development of a 
normal gland. Replacement of the dog’s testis in the scrotum after it 
has been resident in the peritoneal cavitj’’ or inguinal region until most 
of the germinal epithelium has disappeared (only spermatogonia per- 

* If the testis is placed in the peritoneal cavity, the vas deferens should be 

divided, for should gonorrheal epididymitis occur, peritonitis would follow. 
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tissue. Spermatogonia and Sertoli cells are present in the tubules. The 
average diameter of the tubules is 60 microns. The interstititial cells 
appear prominent and the connective tissue between the tubules is quite 
delicate. 

In the second period from birth to 14 years, the tunica albuginea 
takes on a fibrous character and consists of two laj’^ers. The connective 
tissue between the tubules contains elastic fibers that do not become 
prominent, however, until 6 years of age. The epithelium of the tubules 
consists of non functioning spermatogonia and the Sertoli cells. 

During the third period beginning with the fifteenth year the tunica 
albuginea and corpus Highmori become thicker. The diameter of the 



Fig, 24, — Testis of an 1 1 year old child ; no mature germinal cells ; increase in 
number of spermatogonia as compared with Sertoli cells, 

tubules increases from 60 to 85-90 microns, and the adult germinal cells 
become differentiated. 

It has previously been pointed out that the spermatogonia are the 
most resistant to injury and persist in the seminiferous tubules after 
transplantation of the testis from the .scrotum for some time after all the 
other germinal cells have disappeared. In the prepuberty dog’s testis in 
which only Sertoli cells and spermatogonia exist in the tubules, no 
change is observed in the histology of the organ when the gland is 
placed in the abdominal cavity or inguinal region under the same condi- 
tions that cause disappearance of the germinal epithelium in testes of 
the adult dog. 
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Rasmussen and Hansemann noted that the germinal epithelium 
disappears in the hibernating woodchuck. Marshall says that in 
rodents the testes go back into the abdomen after rest, and that in testes 
of tame rabbits in winter there is little evidence of spermatogenesis. 
These reports have been confirmed by others.®®' 

After finding in the abdominal transplantation of the testes in rabbits 
that the control left in the scrotum had also slipped into the abdomen, I 
abandoned rodents as the subject of experiment and chose the dog 
whose testis like that of man is continually resident in the scrotum. I 
am aware that Regaud examined the testes of rats and found sperma- 
togenesis present at all seasons of the year, but the scrotum is not the 
normal location of rodents’ testes and I feel that it would be hazardotis 
to apply to a testis whose habitat is always the scrotum the same standard 
that obtains in a testis that can be drawn into the abdomen at will. In 
the human being “ectopie en retour” always results in atrophy. In 
rodents this is physiologic. 

A group of animals known as Testiconda,®®®' including the 
elephant, walrus, seal and camel, normally have a testis in the abdomen 
or inguinal region. In these animals this position of tlie testis is com- 
patible with fertility. In the ram, boar,® the bull, horse or dog 
this position of the testis as in man is associated with an atrophic condi- 
tion of the testis. Hobday states that the nearer the testis approaches 
the scrotum in horses, the more likely is that testis to exhibit sperma- 
tozoa. 

Numerous authors state that the anatomy of the human undescended 
testis is nonnal before puberty.®®- ®®®’ ®®® Unfortunately only few of 

these have been obtained for microscopic examination. However, the 
examination of a small number of these have been recorded and in prac- 
tically every instance they have been described as normal. Felizet and 
Branca,®®' ®'' ®®’ ®®’ ®® to whom we are indebted for a number of these 
examinations, though believing that a primary atrophy of infancy and a 
secondary postpubert}’^ deterioration bring about the degenerate condi- 
tion of the undescended testis, nevertheless state that the phenomena 
of degeneration are much less frequent in the undescended testis of the 
young subject than in the adult. Their examinations of undescended 
testes in young subjects show that a germinal epithelium represented by 
spermatogonia, spermatocytes and spermatids is elaborated.®®' ®® They 
believe that atrophy occurs before spennatozoa are fonned. A testis 
that can produce spermatocytes can also produce spermatozoa and 
maintain a normal spermatogenesis under the proper environment as 
obser\'ed in scrotal replacement of abdominal testes in dogs. 

Felizet and Branca ®®’ ®® in two articles on the histologj* of the 
undescended testis in the young record the examination of twenty-four 
undescended testes in their first paper, fourteen of whicli were in the 
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Bezancon mentions the examination of two undescended testes in 
the young. One of these was an inguinal testis removed from a boy 
of 13. When compared with a scrotal testis of a boy of the same age 
removed at postmortem, Bezancon states that there was no difference 
and that the histology of the undescended testis was normal. He cites 
one other case, that of a boy of 1 year whose undescended testis was 
smaller than the scrotal testis, but here there was also an abnormal blood 
supply in that the spermatic artery arose from the aorta just above its 
bifurcation. 

Staemmler reports the examination of three prepuberty undescended 
testes : - 

1. Left inguinal testis, age, IS; weight of descended organ, 7 Gm.; weight of 
undescended organ, 3 Gm. ; degenerative phenomena present in the undescended 
testis. 

2. Right inguinal testis, age 6; same weight and appearance as the descended 
testis, 

3. Bilateral inguinal testes, 4^ years; "Kyrle's undeveloped testes,” 

A word of explanation here is necessarj' as to what the so-called 
underdeveloped testis of Kyrle is. Kyrle examined 110 

testes in children. Eighty-six of these he found to be grossly hypoplastic 
and of the twenty-four, one-half were microscopically hypoplastic. 
Diamantopoulos ®' concurs in Kyrle’s observation and finds that a 
normal testis in the young is a rare occurrence, Spangaro,®®® Mita 
and W wedenski’s descriptions of the normal condition in the pre- 

puberty testis would agree with what Kyrle and Diamantopoulos 
describe as a hypoplastic gland. Reich states that a testis is only to be 
described as infantile if it fails to assume the normal growth after the 
eleventh year, Schultze’s findings are in agreement with those of 
Spangaro, Mita and Wwedenski, Voss,*®* using Kyrle’s criteria, was 
able to find only seven normal testes in 117 examinations of children 
under 11, In thirteen boys from 12 to 20, however, the normal condi- 
tion was observed in twelve, or 93.8 per cent. Voss makes the interesting 
comment that a hypoplastic child’s testis can apparently assume the 
normal condition at puberty. The primary atrophy of undescended testes 
that Felizet and Branca ®®’ ®® recognize in infancy is apparently the 
so-called Kyrle’s underdeveloped or hypoplastic testis, a normal finding 
in prepubert}’’ testes, 

-The surgeon who palpates the undescended testis of the child and 
pronounces it atrophic commits the same error, not taking cognizance 
of the fact that the scrotal testis until spermatogenesis supervenes is 
also to palpation an “atrophic” organ. 

There are a few cases on record in which sperm production or chil- 
dren have followed marriage after bilateral orchidopexy in the father. In 
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interference. In bilateral abdominal retention, operation has been urged 
to preserve the secondary sexual characters under the impression that 
cryptorchids were not infrequently like castrates. From what has gone 
before, it is obvious that the ideal treatment of partial descent is fixation 
of the testis in the scrotum without injury to the vessels. 

Age.-— Tht best age at which to place the testis in the scrotum also 
is a matter of dispute. Most writers are agreed that the operation should 
be done before puberty. Brocha^* states that the operation may be 
performed as soon as the child is diaper broke. Mixter and 
Eisendrath believe that the operation should be done at any early 
age. Eisendrath, however, doesn’t believe that placing the testis in the 
scrotum favorably aflfects the spermatogenetic power of such a testis, 
Le Joly-Senoville believes that from 14 to 16 is the proper age; 
Duchesne,®* from 10 to 20, and Carlier,'*^ from 17 to 25. The belief 
that pituitary or thyroid ^®® extract will encourage spontaneous descent 
is without foundation. 

A consideration of the anatomy of the prepuberty testis and the reac- 
tion of the young dog’s testis to transplantation outside the scrotum, 
however, indicate that the operation must be done before pubert}’ changes 
supervene. Wwedenski®*® believes that 15 is the age of puberty. 
Spangaro®=® states that independent of race and individual difference 
the puberty age lies usually between the thirteenth and fifteenth years. 
Mita ^®® first obsers^ed spermatogenesis in a testis of a boy of 13, • 
Le Prince,^®* in a study of the time at which spermatogenesis occurs, first 
observed the presence of spermatozoa at 13.5 years, Crampton"" 
studied the physiologic age in 48,000 New York high school boys and 
determined from the appearance of pubescence in these children that only 
6 per cent were mature at the age of 12.5-13 years. Between 14.5 
and 15 years, 60 per cent were mature; at 17.5-18 years, 100 per cent 
had reached the mature physiologic age. 

Scammon believes that even in the absence of the appearance of 
spermatogenesis in the young testis the changes incident to puberty may 
begin to occur as early as the ninth year. The reposition of the testes 
of young pups of from 4 to 6 months of age would also support this 
opinion. In the elevated testes of these dogs, though the degenerative 
processes observed in adult dogs did not occur, occasionally large mono- 
nucleated cells with acidophilic cytoplasm made their appearance. These 
probably indicate that the spermatogonia are preparing for the produc- 
tion of the mature germinal cells. In the testes of pups of from 2 to 3 
months of age, these changes are constantly absent. As soon as sperma- 
togenesis occurs in the young dog’s testis, it becomes just as sensitive 
to ranoval from the scrotum as does the testis of the mature doir. 

O 
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the bottom of the scrotum and the testis maintained in its ph\'siologic 
position for days under tension by mechanical fixation. * 

It seems strange that the testis stripped of the cremaster and all the 
fascial coverings should retract. The number of poor results following 
orchidopexy, however, indicate that its does occur. When the mobilized 
gland hangs freely suspended by the vas and vessels alone, retraction 
signifies that one or the other has brought about the elevation of the 
gland.** Fecher has investigated the elasticity of the vas and 
spermatic vessels and finds that the vessels will permit of nvice as much 
stretching as the vas. It is physiologic for blood vessels to retract. 
Fecher, howeA^er, concludes that the A'as is the cause of the retraction. 
I should infer from his experiments that the A'essels being tAvice as 
elastic as the vas are much more likely to be the factor in the retraction. 
The greater ease AA'ith Avhich the testis is maintained at the bottom of 
the scrotum after A'essel section Avould also support this vieAv. 

In addition to lengthening of the spermatic cord by a method such 
as BeA'an’s, it has been suggested that the path the cord has to traA’erse 
can be shortened. Procedures such as those of Davison, f Wolfer and 
Frangenheim are directed tOAvard this end. The chief increase in 
length that occurs, hoAA'ever, after dh'ision of the deep epigastric vessels 
or transplantation of the testis behind them is in the A^as deferens and 
this structure is practically always long enough. The gain in length of 
the spermatic vessels by the maneuver is slight. Sievers*^" has sug- 
gested passing the testis through the obturator foramen. 

If the internal spermatic artery”^ and veins in the pampiniform plexus 
haA'^e to be divided to place the testis in the scrotum, atrophy of the 
germinal epithelium not only occurs but also of the interstitium. Such 
a testis is no longer a gland | but a structure composed only of scar 
tissue.§ The only benefit to the patient in such a procedure oA'er reniOA’al 
of the testis is the comforting feeling that there is something in the 
scrotal pouch. 

*For a discussion of methods of fixation after orchidopexy, reference should 
be made to Sievers’" and Bruskin.®’ Attempts at establishing an artificial sjm- 
orchidism or fixation of the testis outside the scrotum are procedures that 
haA'e nothing to recommend them. 

** For a discussion of results follow'ing orchidopexy, reference should be made 
to BeA'an,” Dardel,*® Goeritz,’” Burkhard," Coley," Mixter,”** Caulk," 
Paschen,”” Brocha” and Tuffier,” 

fDaA'ison: Surg. Gynec. Obst. 12:283, 1911. 

$The same probably obtains AA'hen the pampiniform plexus is divided in the 
treatment of A’aricocele. Ligation and section of the A’cins in the suprascrotal 
portion of the cord not infrequently includes the internal spermatic arterj'."- 
Ligation of the A'cins alone, especially if done high up near the internal ring, is 
compatible with a testis capable of spermatogenesis, but the testis usually is 
reduced in size. 

§ The epididymis remains fairly normal. 
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sisting) will be followed by regeneration of the mature germinal cells 
and normal spennatogenesis. In the adult dog only a scrotal testis is 
normal. The testis is very sensitive to injury and in all procedures a 
sufficient length of time must be allowed to intervene to preclude damage 
due to the manipulation alone. 

Undescended testes in the human adult are practically always asper- 
matic. These testes, however, do elaborate the mature germinal cells, 
but the aberrant position of the testis does not permit of the continuance 
of spermatogenesis. The prepuberty testis and the testis of the new-born 
differ but slightly in weight and the histology is practically the same. 
The undescended prepuberty testis is histologically similar to the scrotal 
testis of the same age. If placed in the scrotum without vessel damage 
before puberty, the undescended testis will develop normally. Ligation 
of all the vessels to the testis with the exception of the artery and vein 
accompanying the vas deferens is followed by destruction of the testis. 
Scrotal fixation does not minimize the possibility of an undescended 
testis becoming malignant. Castration in the absence of complication 
is too radical a therapy in the management of undescended testes, 

CONCLUSIONS 

1. The undescended testis owes its imperfection to its position. 

2. Scrotal fixation of the undescended testis in its physiologic posi- 
tion before the histologic changes incident to puberty occur will enable 
it to develop normally. 
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CARDIAC OUTPUT IN THE DOG DURING 
ETHER ANESTHESIA 

I. THE EFFECT OF ETHER ANESTHESIA ON THE CARDIAC OUTPUT * 

• ALFRED BLALOCK, M.D. 

NASHVILLE, TENN. 

The condition of the heart during an anesthetic is of great concern 
both to the surgeon and to the anesthetist. As the primary function of 
the heart is mechanical, in that it serves as a pump to distribute blood to 
the entire body, the main interest should center in the ability of the 
heart to continue to supply a sufficiently large amount of blood to meet 
the body needs. One of the main advantages of ether over chloroform 
anesthesia is that the former in toxic dosages causes first a paralysis of 
the respiratory center, which is more easily combated than is paralysis of 
the heart. However, this does not signify necessarily that ether has a 
selective action on the respiratory center, as it is known that the heart 
action is poor at the time of the respiratory failure. It is possible that 
severe injury to the circulatory system may precede paralysis of the 
respiratory center. 

In recent years, the studies on the effects of anesthesia have centered 
mainly on changes in the hydrogen ion concentration and in the alkali 
reserve. Menten and Crile ^ first showed an increase in the hydrogen 
ion concentration during ether anesthesia. Van Slyke, Austin, Cullen" 
and others have studied in great detail the changes in the blood during 
anesthesia. Many observations on the blood pressure changes during 
ether anesthesia are reported. There have been no studies directed 
toward determining the changes in the output of the intact heart during 
ether anesthesia. The statements found in the literature in regard to 
the effect of ether on the cardiac output are based on studies on the 
various functions of the circulation such as blood pressure readings, or 
on the effect of ether on the output of the isolated heart. 

There exists a difference of opinion as to the direct effect of ether 
on the heart, but most of the experimental evidence supports the view 
that it is a cardiac depressant when administered to a sufficient degree 

♦From the Department of Surgery, Vanderbilt University, Nashville, Tenn. 

* Reported in brief before the Vanderbilt Medical Society, Nashville, Maj, 
1926. 
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for “surgical anesthesia." Cattell = studied the effect of ether anestliesia 
on the blood pressure, on the heart volume of intact cats and on the con- 
tractions of the isolated cold blooded heart. He stated : 

Observations on the heart volume of intact cats, and on tlie contractions of the 
isolated cold blooded heart, together with deductions from blood pressure records, 
show that the administration of ether, from its very beginning, results in a depres- 
sion of the heart and a decrease in its output, which is sufficient to account for the 
fall in pressure in both the normal and the shocked animals. 

The literature on the effects of ether on the circulatory system was 
reviewed thoroughly by Cattell (1923) and was summarized as follows; 

The experimental evidence briefly summarized above strongly favors the 
assumption that ether, in the concentrations present in ordinary anesthesia, causes 
a decrease in the efficiency of the heart, which might account for any fall in 
arterial pressure occurring under ether anesthesia. 

Vernon^ perfused the isolated turtle heart with Ringer's solution 
which contained ether and found that the extent of the contractions 
were reduced when the concentration of ether e.xceedcd 0.10 per cent. 
Nicloux ^ found that the average amount of ether present in the blood 
in deep anesthesia varied from 0.13 to 0.15 per cent. Storm Van I-eeu- 
wcen “ found that the eye reflexes were abolished when the percentage of 
ether in the blood by weight was 0.19. It is difficult to make dcduction.t 
from the figures for ether content reported by different observers, as 
there is a great deal of discrepancy in tlie results. McWilliams," experi- 
menting on cats, found a drop in blood pressure, together with a 
decrease in the functional activity of the heart, when ether was adminis- 
tered until the corneal reflex disappeared. Cushny® states that ether 
causes the heart of the frog and of mammals to beat more slowly and 
weakly, and at the same time causes the heart to undergo a certain 
amount of dilatation. 

In spite of the fact that most of the experimental evidence indicates 
that ether has a depressing effect on the heart, there are those who 
believe that ether acts as a cardiac stimulant. Gwathmey ° states : 

3. OittcH, McKcen: Studies in Experimental Traumatic Shock: .'\clion of 
Ether on Gradation in Traumatic Shock. Arch. Snrp. 6:83 (Jan.) 1923; .Am. J. 
Surg. (anesthesia supplement) 3€:S9 (July) 1920. 

4. Vernon: J. Physiol, 41:194, 1910. 

5. Nicloux: I.cs .Anesthesique peneraux au point dc vuc chimico-physsol<>giq'.!e, 
Paris, 190S, 

6. Storm Van Lteuween: /Xroh. f. d. pe.'. Physiol. 165:594, 1916. 

7. McWillbins: Brit. M. J, 2:831, 1890, 

8. Cushny: Piiarmacolopy and Therapeutics or The .Action of Dnip-, Piiila- 
dclphia and New York, Lea & Febiger, 1924. 

9. Gwathmey : .Anesthesia, cd. 2, rev.. New York and Lor.d -n, th.e !.fr.crr.il!an 
Co., 1924. 
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Ether acts as a direct heart stimulant during the early stages of its administra- 
tion, and when, during the course of deeper narcosis, the subject is allowed to 
return to a lighter degree, the pulse is accelerated, and the blood pressure is 
slightly raised or remains constant. Ether becomes a cardiac depressant only in 
the later stages of anesthesia, or when a toxic amount is employed. 

Muns studied the effect of ether anesthesia on the blood pressure 
in experimental animals. He reported a rise of blood pressure in half 
of the animals, whereas there was a fall in the other half. Richardson 
stated : “Ether, like gas oxygen, drives up the blood pressure ; but to 
a less extent, if properly given. Etlier is a cardiac stimulant of more 
even action.” Cattell “ found that the inhalation of strong ether 
resulted in a sudden temporar)' drop in arterial pressure which retunicd 
almost to the original level by the time that the eye reflexes were 
abolished. 

The present study was undertaken for the purpose of studying the 
effect of ether anesthesia on the cardiac output of the intact heart of 
the normal dog. 

METHODS 

Dogs w’cre used in all of the experiments. The animals varied in weight from 
6 to 18 kilograms. Six of the experiments were performed on trained animals. 
Dogs, which had been given morphine (usually .05 Gm.) about one hour before 
the control determinations, were used in the remaining experiments. Marshall” 
and Blalock, Harrison and Wilson” have found that morphine docs not alter 
appreciably the output of the heart. Several recent experiments have indicuitcd 
that the cardiac output is diminished during the first thirty minutes after the 
giving of a large dose of the drug. 

After the control determinations had been made, ether was administered 
through an open cone or through a catheter placed loosely in the tracheotomy tube. 
An attempt was made to obtain anesthesia of sufficient depth barely to al>olish 
the lid reflex. This was rather difficult to do at times, due to the fact that the 
dog's condition changes quickly under an anesthetic. Other signs which were noted 
in determining the depth of the anesthetic included general relaxation, color of 
mucous membranes and the quality of the pulse. When the desired conditioti was 
obtained, specimens of blood were drawn with the ether cone in place, and the 
oxygen consumption was determined immediately after the cone was removed. 

The oxygen consumption was determined by means of a Benedict spirometer 
with the graphic recording device. The animal was connected to the spirometer 
either by means of a tube placed in the trachea or by the use of an e'^pecially 
constructed mask which was fitted tightly over the mouth. The oxyeen consump- 
tion was not determined at the same time that the ether was administered, .‘ifter 

10. Muns, W. E.; Am. J. Surg. (.anesthesia supplement) 31:113 (Oct.) 1917. 

11. Cattell, McKeen: Studies in Experimental Traumatic Sh.ocl:; .-\cti>in of 
Ether on Circulation in Traumatic Shock, Arch. Surg. C:83 (Jasi,) 1923. 

12. Marshall, E. K.: J. Physiol. 72:192. 1925. 

13. Blalock, A.; Harrison, T. R., and Wilson. C. P. : .-\n Experimental Study 
in the Effects on the Circulation and Respiration of ^^orphin!7ed Dors, .tire;;. 
Surg. 13:81 (July) 1926. 






BLALOCK—ETHER AXESTHESfA AXD CARDIAC OUTPUT 737 


the ether cone had l)cen removed, the attachment to the spirometer was made 
immcdiatcl}', and the oxygen consumed during the first several minutes was deter- 
mined. Since the animals were rather deeply anesthetized, and since the changes 
in oxygen consumption were small, it is thought that little error was introduced by 
this method. 

Specimens of blood were withdrawn while the animal was breathing ether. 
Arterial blood was obtained by puncture of the left ventricle or the femoral 
artery; venous blood, by puncture of the right ventricle. The usual precautions 
against contact with air were followed. The blood gas determiTiatirms were made 
on the Van Slyke-Neill” manometric apparatus. The method of Austin” for 
determining tlie carbon dioxide content in the presence of ether was emph^yed. 
No difiiculties were encountered in obtaining duplicate readings for oxygen c<m- 
tent in specimens of blood before and after the addition of small amounts of 
ether, and it is thought that the values for oxygen content in this study arc 
absolute. Nicloux® and, later, Ronzoni” have shown that the amount of ether in 
the arteri.ll blood remains higher than that in the venous blood, as long ns ether 
of the same concentration is being administered. Since the specimens of blood 
in the present experiments were taken while the animals were breathing ether, 
it is thought that any errors in the o.xj’gcn content determinations which might 
be ascribed to ether would tend to increase the arteriovenous oxygen content 
difference rather than to diminish it, as was found. 

The hydrogen ion determinations were made according to the method of 
Hastings and Sendroy.” The circulatory minute volume was calculated from the 

Cc. Os consumed per minute Xuml>er of cubic ccntimetcJS 

- ' - - = of Mood flowintr tbrouKb the 

Amount Os taken up in lungs by 1 ec. of Mood lungs per minute 

RESULTS 

Control Period . — ^The animals were quiet while the control sludie.*; 
were being made. The respirator}' rate and depth varied in the difier- 
ent animals, but were regular in the same animal in most instances. The 
pulse rale was slow in the animals which were given morphine. The 
specimens of arterial and of venous blood were normally saturated with 
oxygen. The cardiac output per kilogram of body weight varied little 
for the same animal on difi'erent dales, but there was a rather wide 
variation for the different animals. In general, it may he said that this 
figure for the large dogs is about one hundred and thirty-five cubic ceiui- 
meters per kilogram of body weight, while that for the smaller dogs is 
about one htindred atid fifty cubic centimeters per kilogram. 

Anc.^thclic Period. — The animals became restless immediately :uul 
struggled when the ether was applied. The respirations became more 
rapid and deeper. No studies were made during the periofl r»f excite- 
ment, Tlie amount of ether which is necessary for jiroducing third •^tage 

14. V.nn Slyke. D. D.. .ami Neill, J. M.- J. ni<d. Gitm. CI:.=2.t 1024. 

15. .Austin. J. H.: J. Rfol. Ciicm. 61:545 tSept.l 1^24. 

lf». Ronro:ii, Klhc; J. Biol. Gicin. 57:761 (Oct.'S 102.'. 

17. Hnstinps rujil Somlroy; J. Biol. Giem. 61:605 (Ort » 1024 
Pick fcrmuki. 
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aticstlicsia varies greatly in tlogs jusl as il does in man. 'J'he lime inter- 
vals .separating the heginjnng of the anesthetic and the drawing of the 
specimens of blood are given in the protocols of the experiments (tables 
1 to 20). 'I his int<>rval was varied intentionally. Imt in all instances 
snfhcient titne was allowe<l ftir the atiitnal t(» become well relaxed. 
Usnally the respir;tt<ny rate and <leplh wer*' <lecreased as compared to 
that in the cotiind j'criod. 'I'lie ptdse rale was accelerated in all 



Chart 1. — This chart ilhistratc,'. a typical c.\i)rrinicnt. Diiriiip; the .ancstlictic 
period, it is icen that tlic cardiac output inercaM-s, tlic /ai tails, the arterial and 
venous oxygen contents ajiproach each other, the oxyRcn consumption is slightly 
decreased, the percentage saturation of the arterial blood falls while the oxygen 
capacity remains .'ihoul the .sajiie. 

Time relations are neglected in this chart. The various functions arc dr.awn 
as if constant at the time of puncture. The drawings arc purely schematic. 

instances, the nio.st marked increa.se being found in the animals deeply 
anesthetized. The temperature readings showed no change during a 
short anesthetic, but itrolongcd anesthesia was accompanied by a fall of 
one or more degrees Fahrenheit. In an attempt to anesthetize deeply sev- 
eral of the animals, it was found that a toxic dose of ether was ncces- 
.sary to abolish completely the lid reflex. This was attempted several 









EXPERIMENTAL CHRONIC DUODENAL OBSTRUCTION 

I. TECHNIC AND PHYSIOLOGY * 
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NEW YORK 

There is a growing tendency on the part of clinicians to believe that 
many obscure and indefinite symiJtoins are due to the absorption of 
toxins from the intestinal tract. It is on this hypothesis that high 
colonic irrigations, bacterial implantations, etc., have been recommended 
in certain diseases. In addition, some of the more serious conditions, 
such as pernicious anemia, have been attributed to intestinal intoxication. 
Though the belief that these hypothetical toxins are produced in the 
intestinal tract has been prevalent for years, little direct evidence has 
been brought forward to support the idea. It was in the hope that we 
might learn something more definite that the following experiments 
were conducted. 

Since the symptoms and diseases that have been attributed to the 
absorption of toxins from the intestinal tract are characterized by their 
chronicity, we produced and studied experimental lesions existing for a 
prolonged period. In our first study ^ we endeavored to confirm the 
observations of Pawlow and his co-workers,* Fischler ® and others, that 
dogs with Eck fistulas, kept on an exclusive meat diet, developed 
symptoms of intoxication. However, in a series of dogs with Eck 
fistulas which we kept on a similar diet, no such symptoms were 
observed. It was concluded from these experiments that the occurrence 
of symptoms was too irregular for systematic study. In addition, the 
liver function of these dogs was tested according to the dye method 
described by Rosenthal."* Our results indicated that there was no impair- 

* From the Departments of Pathology and Surgery, College of Physicians and 
Surgeons, Columbia University. 

* This work was aided by a grant from the Eli Lilly Company. 

1. Berg, B. N. ; Cone, W. V., and Jobling, J. W. : Phenoltetrachlorphthalein 
Test of Liver Function in Eck Fistula Dogs Kept Upon a Meat Diet, Proc. Soc. 
Exper. Biol, and Med. 23:81, 192S. 

2. Hahn, M. ; Massen, 0.; Nencki, M., and Pawlow, J. : Die Eck’sche Fistcl 
zwischen dcr unteren hohlvcne und der Pfortader und ihre Folgen fiir den 
Organismus, Arch. f. Exper. Path. u. Pharmakol. 32:161 (Sept. 11) 1893. 

3. Fischler, F, : Uber die Flcischintoxikation bei Ticren mit Eck’seher Fistel, 
Deutsche Arch. f. Klin. Med. 104:300 (Nov. 7) 1911. 

4. Rosenthal, S. M. : An Improved Method for Using Phcnoltctrachlor- 
phthalein as a Liver Function Test, J. Pharmacol. & Exper. Therap. 19:385 
(June) 1922. 
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ileus in man was due to mechanical pressure at the duodenojejunal 
flexure, and reproduced the condition in dogs by narrowing the lumen 
of the duodenum with a free, narrow strip of fascia. They fixed the 
duodenmn to the costal arch at the site of the obstruction. 

In order to produce conditions that were favorable for the study of 
the effects of prolonged duodenal stasis in dogs, a method was employed 
W'hich we subsequently learned w'as similar to that adopted by 
Koennecke and Me3-er in their work. We believe, however, that our 
method has the f oUondng advantages : By the use of a wide fasdal flap 
attached b}’^ a broad pedicle to the posterior sheath of the rectus muscle, 
instead of a free, narrow, fascial strip, the blood supply of tlie obstruct- 
ing band is insured ; the obstruction lasts longer, and the danger of the 
band cutting through the intestine is diminished. 

TECHXIC 

Under ether anesthesia and with strict asepsis, a right rectus muscle-splitting 
incision is made. The posterior sheath, including the parietal peritoneum is incised 
close to the midline, and a rectangular fascial flap, about 4.5 by 6 cm., is made; 
usually some of the transversalis muscle is included. The size of the flap varies 
with the diameter of the duodenum. The latter is mobilized, and a segment about 
15 cm. from the pylorus is chosen for the site of the obstruction, which TOries with 
the length of the duodenum. An incision equal in size to the width of the flap 
is made in the mesentery close to the attachment of the duodenum. The flap is 
pulled through this opening, and five mattress sutures are introduced at the 
margin and near the base. The distance between the two limbs of the sutures is 
approximately one and one-half times the diameter of the duodenum. As the 
sutures are tightened, a closed forceps is introduced betn'een them and the intestine, 
in order to avoid interference with the blood supply. If at a succeeding explora- 
tory operation the obstruction is deemed inadequate, the fascial band can be 
tightened by taking a reef in it, a series of interrupted sutures being used. The 
peritoneum and fascia are closed by a continuous suture and the skin b 3 ' a sub- 
cuticular suture. Silk is used throughout For the first few das'S after the estab- 
lishment of the obstruction, the dogs are kept on a fluid diet after which thej’ 
are given a liberal amount of cooked chopped meat bread and bone ash. 

experimekt.\l results 

The foregoing method of producing a chronic duodenal obstruction 
in the dog was successful in twelve of fifteen attempts. Partial occlu- 
sion of the duodenum at the site of the obstruction, and dilatation and 
hv'pertroph}' proximal to the obstruction were found at exploratorj' 
laparotomy and at autops}*. 

^^Tiile it was difficult to determine accurately the amount of dilatation 
due to changes in the tonus of the duodenum, it v'as found convenient, 
for tabulation and discussion, to adopt, as a rough measure, the notation 
given in the accompan3ang table. 
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pyloric insufficiency and reflux into the stomach. Ratkoczi’s description of 
so-called chronic “intermittent stenosis” of the duodenum contained 
many features comparable to some of our experimental observations. 

In experimental obstruction of the duodenum, the only reports of 
fluoroscopic examinations that we found recorded were those of 
Koennecke and Meyer,^® who correlated their clinical with their experi- 
mental observations. They stressed the hypermotility of the stomach 
and duodenum in the presence of experimental stenosis and noted that 
section of the vagus had only a transitory effect on gastric tonus after 
the obstruction had been established for a prolonged period. Occasion- 
ally, they identified deep peristaltic waves which originated in the 
stomach and progressed over the duodenum in contrast to the to-and-fro 
movements of the duodenum. However, they did not recognize any 
rhythmic relation between antral, pyloric and duodenal activity. 

METHOD 

In order to study the degree of stasis and alterations in the peristaltic activity 
of the stomach and the duodenum in the presence of a prolonged subacute obstruc- 
tion of the latter, fluoroscopic examinations were made with the aid of an opaque 
meal. Seven dogs were examined. Three separate series of observations were 
made on each dog, with intervals of from one to two weeks between each examina- 
tion. The obstructions had existed from 115 to 173 days when the first fluoro- 
scopic observations were made. Eight ounces of a suspension of barium sulphate 
was given to the dogs by stomach tube. They received no food eighteen hours 
before the examination. Observations were made in the following manner : imme- 
diately, at the end of one hour, two hours, three and one-half hours, and five hours 
(in only two series). The fixation of the duodenum to the anterior abdominal wall 
facilitated accurate study, and the site of the obstruction was readily recognized. 
There was no evidence of kinking below tlie obstruction. 

MOTILITY 

In the normal dog, fluoroscopic examination is unsatisfactory for tlie 
observation of the motor relationship between the duodenum, pyloric 
sphincter and antrum. However, in the presence of an obstruction of 
the duodenum, we found that the accentuation of the contractions and 
the delayed motility enabled us to distinguish, simultaneously, the activ- 
ity of each. We observed a cycle that was suggestive of one described 
by Wlieelon and Thomas in the normal dog, but which differed in cer- 
tain respects. 

As soon as enough barium had passed through the p)dorus, the 
duodenum appeared as a long, sausage-shaped structure, limited above 
by the pyloric sphincter and below by the obstruction. The degree of 
dilatation varied ; in some dogs the duodenum was many times its normal 

14. meelon, H., and Thomas, J. E.: Observations on the Motility of the 
Duodenum and the Relation of Duodenal Activity to that of the Pars Pi’lorica, 
Am. J. Physiol. 59:72 (Feb.) 1922. 
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ascribed great importance to carbon dioxide as a regulator of the cardiac 
output. Boothby first suggested that hydrogen ion concentration 
regulated the output of the heart. Douglas and Haldane®® were 
led to the same conclusion as a result of studies on man. Means ®® 
staled that he thought it likely that the hydrogen ion concentration 
regulated the output of the heart. Harrison, Wilson and Blalock ®‘ have 
.•^hown that an increase in the h3’drogcn ion concentration is associated 
with an incrca.sed cardiac output, and that a decreased hydrogen ion 
concentration is associated with a decreased output. The administration 
of an ether anesthetic in the present studies was accompanied by an 
increase in the hydrogen ion concentration and usually by an increase in 
the cinliac output. 

If the elevated hydrogen ion concentration is a factor in increasing 
the output of the heart in ether anc.sthesia, it is possible that it is due to 
the cajullary dilatation which it causes. Flcisch ®® found that acid causes 
a j)eriphcral dilatation, and that, other factors remaining the same, this 
results in a more rapid filling of the heart in diastole with an increased 
outi)tit. Fpjiinger ®'' believes that the increase in the cardiac output 
during attacks of “cardi.ic asthma” is due to diminished peripheral resis- 
tance. The sajnc interpretation is given ])y Harrison, Dock and 
Holman in exjdaining the elevated output in dogs with arterio-venous 
fistulac. The experiments of Cattcll ” do not support the view that 
ether causes a peripheral dilatation. He stated : 

nclcrniinatjons, of Jcp volume with a pIcthy.smoRrapli, perfusion rate measure- 
ments, ami results obtained by the injection of ctber directly into tbe circulation, 
toRctlicr with tbe form of blood pressure curves, indicate that ether causes a 
contr.aclion of the peripbcral vessels. 

No observ’ations on the peripheral circulation were made in this 
study. 

Pattcr.son ®'’ found that carbon dioxide alone rlcprcsscs all of the 
functions of the isolated heart, but that the combined eflfect of carbon 
dioxide and epinephrine resulted in more rapid and stronger contractions 
and more rapid relaxation, and also lengthening of the diastolic filling. 
Cannon and Corrasco-Formigucra ®‘’ stated that asphyxia increases the 

21. Boothby, W. ^f.: Am. J. Pliysiol. 37:38.3, 1915. 

22. DotiRlns, G. G., .nnd I-Lvld.inc, J. S. : J. Physiol. 5G:69 (Feb.) 1922. 

23. ^^c.^ns, J. H. : Dj'.spnoc.i, ^fcdicinc, 3:309 (Aug.) 1924. 

24. Blalock, A. ; Harrison, T. R., and Wilson, C. P. : An Experimental Study 
in the Effects on the Circulation and Respiration of Morphinized Dogs, Arch. Surg. 
13:81 (July) 1926; J. Clin. Investigation 1:547 (Aug.) 1925. 

25. Fleiscb, A.: Ztschr. f. allg. Physiol. 19:269, 1921. 

26. Eppinger, H.: Das Asthma Cardialc, Berlin, 1924. 

27. Harrison, T. R. ; Dock, W., and Holman, E. : Heart 11:337 (Dec.) 1924. 

28. Patterson, A. W. : Proc. Roy. Soc., ser. B. 88:371, 1915. 

29. Cannon, W. B., and Corrasco-Formiguera, R.: Am. J. Physiol. 61:215 
(July) 1922. 
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the barium appeai-ed below the obstruction in a continuous thin stream, 
throughout the cycle. 

When the antrum and duodenum were well outlined, the rhythmic 
motor activity described above was recognized with few exceptions at the 
immediate, the one-hour and the two-hour observations and less often at 
the end of three and one-half hours. At the five-hour period, the 
duodenum usually appeared flaccid and dilated, and was traversed by 
feeble, irregular contractions. Occasionally, moderately deep alter- 
nating contractions persisted. No barium was observed passing the site 
of the obstruction at this time. This may have been because of the fact 
that tlie amount propelled beyond the obstruction was too small to be 
detected fluoroscopically. 

The body and fundus of the stomach were often separated from the 
antrum by a deep contraction band. The antrum maintained a regular 
rhythm, which seemed to be independent of activity in the cardiac por- 
tion of the stomach. In the latter, peristalsis appeared in the form of 
“ripples,” although occasionally, when the waves were sufficiently deep, 
they were observed traversing the antrum. As a rule, however, they 
were too shallow for any relationship between them and the antral con- 
tractions to be disclosed fluoroscopically. 

COMMENT 

According to Wheelon and Thomas,^^ a rhythmic cycle that follows 
the “law of the intestine” exists between the antrum, pyloric sphincter 
and the duodenum. In the normal dog, as soon as the antral peristaltic 
wave has reached the sphincter, the antrum begins to relax and remains 
relaxed during the sphincteric and duodenal contractions. The cycle ter- 
minates with the reappearance of an antral contraction. Similarly, in 
chronic duodenal obstruction there was a positive and negative phase of 
antral activity. Immediately after the wave of contraction passed from 
the antrum to the sphincter and duodenum, the antrum relaxed and 
remained inactive during four or five independent secondary contrac- 
• tions in the duodenum. The cycle ended with the reappearance of an 
antral contraction. However, the duodenum appeared to contract con- 
tinuously without a phase of relaxation which corresponded to that of 
the antrum. In the latter, the negative phase seemed to be prolonged 
and the rate of rhythmic contraction slow. 

The accentuated contractions and the reverse motility of the 
duodenum were due, probably, to changes in tonus associated with the 
dilatation and to abnormal stimuli arising at the obstruction. The irreg- 
ular activity of the duodenum represented either exaggerated segmental 
contractions or independent peristaltic and retroperistaltic waves. The 

16. Bayliss, W. M., and Starling, E. H. : The Movements and Innervation of 
the Small Intestine, J. Physiol. 24:99 (May 11) 1899. 
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secretion of epinephrine, but Kodama®” found in his experiments on 
dogs that ether jinesthcsia decreases the rate of epinephrine output from 
the suprarenal glands. Corbett reported a decrease in the epinephrine 
content of the suprarenal glands in ether anesthesia. In view of these 
observations, it does not seem plausible to assume that the increased 
cardiac outi)ut during ether anesthesia is associated with changes in the 
epinephrine content of the blood. 

Cullen, Austin, Kornblum and Robinson found an increased 
oxygen unsaturation of the blood during ether anesthesia. Bloch 
studied the cfi'ect of ether anesthesia on the hemoglobin and red blood 
cells, and stated that prolonged anesthesia causes degeneration of the 
red blood cells with the resulting escape of hemoglobin. Harrison and 
Blalock have found that severe anoxemia causes a marked increase 
in the cardiac output. The percentage saturation of the arterial blood 
was decreased in several of the presetit experiments, and this factor 
I>robably plays a part in the increased output of the heart. Since the 
ether anesthetics were not always associated with a decrease in the per- 
centage saturation, it is thought that all of the change cannot be ascribed 
to anoxemia. 

Part of the increase in the cardiac output during ether anesthesia 
might ]>ossibly be due to the increased respiratory effort during the early 
stages of the anesthetic. If this change were due entirely to the elevated 
inctnboUsni of increased work, a parallelism between oxygen consumption 
and blood flow would be expected. The oxygen consumption usually 
decreased during ether anesthesia, and the body temperature was low- 
ered by prolonged anesthesia. Yamakita,’* studying the cerebral blood 
flow and oxygen consumption in ether ane.sthesia, found an increase in 
the stage of excitation, a decrease (over 50 per cent) during the narcosis 
and an increase after it. In the pre.sent report, the increased output of 
the heart w.as due to the lessening of the coeflicient of utilization (figs. 1 
and 2) without any increase in the oxygen consumption. 

It is possible tliat the mechanical effects of changes in the depth of 
the respiratory movements might cause variations in the venous inflow 
with a resultant action on the cardiac output. This is improbable, since 
Miirshall has found that the cardiac output of the normal dog is no 
greater in summer than in winter, although the minute ventilation may 
be doubled by panting. 

30. Kotlama, S. : Tolioku J. Exper. Mccl. 4:601, 1924. 

31. Corbett, J. F. : Suprarenal Gland in Anesthesia, J. A. M. A. 79:543 
(Aug. 12) 1922. 

32. Bloch, Deutsche. Ztschr. f. Chir. 97:132, 1909. 

33. Harrison, T. R., and Blalock, A.: Unpublished observations. 

34. Y.'imakita, M. : Tohoku J. Exper. Med. 3:414 (Dec.) 1922. 

35. Marshall, E. K. : Personal communication, 1925. 
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The ligures obtained for the oxygen capacity of the arterial blood 
indicate that an anemia ^Yas not produced by the anesthetic. Hence, any 
effect which anemia exerts on the cardiac output can be ruled out in 
these experiments. 

The possible clinical significance of the increase in the cardiac output 
during ether anesthesia will be considered in subsequent papers. 

SUMMARY AND CONCLUSIONS 

'I'iie cardiac output of the heart of the dog during ether anesthesia 
has been studied by the Pick method. Six experiments were performed 
on trained animals, and thirteen on dogs to which morphine had been 
given. The cardiac output of the heart was increased (from 7 to 180 
per cent) in all instances except three. These three animals were deeply 
anesthetized at the time of the determinations. The changes in pulse 
rate, temperature readings, oxygen consumption, arterial oxygen, venous 
oxygen, arterial carbon dioxide, venus carbon dioxide, hydrogen ion 
concentration and cardiac output have been observed. The following 
statements are true for the dog, and may possibly be true for man. 

1. Ether anesthesia causes an increased cardiac output (average 
incrca.se 76 per cent). 

2. The output of the heart is lc.ss than normal only when the degree 
of ancsthc.sia is profound. 

3. The increased cardiac output is not associated with an increased 
oxygen consumption, but is associated with a diminution in the oxygen 
coefiicient of utilization. 

4. This change is associated with an increase in the hydrogen ion 
concentration of the blood, with a decrease in the carbon dioxide content 
of the blood, and may or may not be accompanied by a diminution in the 
percentage saturation of the arterial blood. 
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residues at the end of five hours. It was interesting to note that, in the 
latter series, six dogs had marked stasis in the duodenum. 

The pylorus usually allowed the passage of barium from the stomadi 
to the duodenum at the immediate observation. Sometimes from five to 
fifteen minutes elapsed before any barium appeared in the duodenum. At 
the obstruction, after a short delay, barium usually began to enter the 
distal duodenum and the upper jejunum in varying amounts. However, 
in two dogs there was a marked delay of one-half hour and two hours, 
respectively. The latter dog developed symptoms of acute ileus the day 
after this observation. At the five-hour observation, except for the 
duodenal and gastric residues noted, the barium was in the large 
intestine and occasionally in the lower ileum also. 

In one dog, the outline of a large oval mass was observed in the greatly 
dilated duodenum just above the site of the obstruction. It was in the 
same situation at the three series of observations. However, it did not 
obstruct the lumen of the duodenum completely, the barium passing 
around it in a thin film. The mass was probably a large hair ball (a 
similar one was found in the dilated duodenum of another dog that came 
to autopsy). This dog is in excellent condition and has evidenced no 
obstructive symptoms up to the present time. 

STASIS AND DILATATION 

In spite of the fact that the fluoroscopic examinations were started 
from forty-two to sixty-four days after the last exploratory operation, 
the notes made at the explorations concerning the degree of dilatation 
of the duodenum coincided well with the degree of stasis observed 
roentgenologically. In five dogs, in which a marked dilatation of the 
duodenum (three or four plus) had been noted, a corresponding five-hour 
residue existed. In one dog,- although only a moderate dilatation (two 
plus) had been observed, barium was still present in the duodenum at 
the end of five hours. This was the dog that had the mass in the 
duodenum described above; the added obstruction probably developed 
after the last exploratory investigation. In the other dog in which only 
a moderate dilatation had been observed (two plus), the duodenum was 
empty at the end of one hour. 

Too much emphasis must not be placed on such observations, how- 
ever, because the degree of stasis varies and is determined by many other 
factors besides the mere gross dilatation of the duodenum ; the degree of 

the obstruction, the amount of compensatory hypertrophy and tonus of the 

duodenal musculature, the tonus of the pyloric sphincter, gastric motility, 
psychic factors, and the character of the food must all be considered. 
It is unfortunate that earlier fluoroscopic examinations were not made 
for comparative studies. Koennecke and Meyer noted a five-hour 
residue in the duodenum of a dog in which the obstruction had existed 
five weeks. 
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mciit in llic ability of the liver to remove the disoclium salt of phenol- 
tctrachlorphthalcin from the blood stream, although the liver showed 
the characteristic atropliic and fatty changes that occur following the 
cstal)Iishmcnt of an Eck fistula. Subsequently, Mann and Bollman ® 
demonstrated that even large sections of a liver in which an Eck fistula 
had been established were resected, the elimination of the dye remained 
within rclativclv normal limits. 

The iircscnt .‘series of experiments includes a study of the effects of 
j)rolonged stasis in the duodenum, a part of the intestinal tract that is 
characterized normally by its rapid motility and relative freedom from 
bacteria. The first two papers of this series deal with the technic, 
physiology and bacteriology of experimental chronic duodenal 
ob.st ruction. 

During the last few years, numerous clinical observations have been 
made concerning the relationship between duodenal stasis and systemic 
disease. A clinical syndrome due to chronic duodenal ileus has been 
described, and relief of symptoms has been obtained by releasing the 
mechanical obstructioji.'* A marked increase in the bacterial content 
of the duodenum has been noted in cases of pernicious anemia, inflam- 
matory diseases of the biliary tract and various gastric disturbances.^ 
Chrojiic intestinal obstruction has been found to coexist with some cases 
of pernicious anemia. An important role in the genesis of this disease 
has been ascribed to the absorption of hematoxins from the intestine 
associated with a marked increase in the number of bacteria of the small 
intestine.” Brown and his co-workers ° have described a toxic nephritis 
associated with “duodenal toxemia.” 

Nothing has appeared in the literature concerning the experimental 
production of chronic duodenal obstruction, except the work of 
Koennccke and Meyer.’® These authors believed that chronic duodenal 

5. Mann, F. C, anti Bollman, J. L.: .An Experimental Study of Reduced 
Hepatic Function, Am. J. Physiol. 76:179 (March) 1926; Liver Function Tests, 
Arch. Path. & Lab. Med. 1:681 (May) 1926. 

6. Higgins, C. C.: Oironic Duodenal Ileus with Report of Fifty-Six Cases, 
Arch. Surg. 13:1 (July) 1926. 

7. Olivet, J. : Baktcriologie dcs Duodenums, Klin. Wchnschr. 5:307 (Feb. 19) 
1926. Lowenberg, W. : Pathologischc Bakterienansiedlung im Duodenum und 
ihre Ursachlichen Faktoren, Klin. Wchnschr. 5:548 (March 26) 1926. 

8. Seydcrhelm, R. : Die Bedeutung dcs Dunndarms fur die Genese der Pemi- 
ziosen Anamic, Klin. Wclinschr. 3:568 (April 1) 1924. Sej'derhelm, R.; Lehmen, 
W., and Wichels, P. : Experimentellc Intestinale Perniziose Anamie beim Hund, 
Klin. Wchnschr. 3:1439 (Aug. 5) 1924. 

9. Brown, G. E. ; Eusterman, G. B. ; Hartman, H. R., and Rowntree, L. G. : 
Toxic Nephritis in Pyloric and Duodenal Obstruction, Arch. Int. Med. 32:425 
(Sept.) 1923. 

10. Koennecke, W., and Meyer, H.: Klinisches und Experimentelles zur 
Chronischen Duodenalstcnose, Deutsche Ztschr. f. Chir. 175:179 (Sept.) 1922. 
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II. BACTERIOLOGY* 
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JAMES W. JOBBING, M.D. 

NEW YORK 

In the search for. a possible origin of some of the chronic and sub- 
acute illnesses of men in which there seems to be clinical evidence of a 
low grade intoxication, attention has recently been focused on the 
gastro-intestinal tract. In a previous paper, two of us witli Cone^ 
reported the failure to obtain evidence of absorption of toxic sub- 
stances from the normal intestine in dogs that had Eck fistulas 
and that were kept on a meat diet. We were then led to study the effect 
after a partial obstruction of the intestine. It became evident at once 
that it would be necessai^’’, before going further, to study the. altered 
anatomy and physiology as well as the changes in the bacterial content 
of the intestine resulting from this procedure. In the paper immediately 
preceding this,^ we have endeavored to indicate certain of the anatomic 
and physiologic alterations. In the present paper we shall present our 
observations with regard to the bacteriologic changes. 

HISTORICAL 

Ever since Billroth® made the observation that the meconium of 
new-born babes was free from bacteria, and that micro-organisms made 
their appearance in the first yellow stools, bacteriologists and clinicians 
have been interested in the bacterial content of the intestine. Their 
interest has led to extensive researches to determine, if possible, the sig- 
nificance of the countless organisms which grow in the alimentary canal 
of animals and man. Their behavior during the normal physiologic 

* From the Departments of Surgery and Pathology, College of Physicians and 
Surgeons, Columbia University. 

* This work was aided by a grant from the Eli Lilly Company. 

1. Berg, B. N.;’ Cone, W. V., and Jobling. J. W.: Phenoltetrachlorphthalein 

Test of Liver Function in Eck Fistula Dogs Kept upon a Meat Diet, Proc. Soc. 
Exper. Biol, and Med. 23:81, 1925. 

2. Berg, B. N. ; Meleney, F. L., and Jobling, J. W. : Experimental Chronic 
Duodenal Obstruction. I. Technic and Physiology, Arch; Surg. 

3. Billroth, T.: Untersuchungen uber Vegetationsformen von Coccobactena 
Septica, Ser. 94, Berlin, 1874. (Quoted by Cushing and Livingood: Johns Hopkins 
Hosp. Rep. 9:543, 1900). 
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The effects of the partial obstruction on the segment of the duo- 
denum proximal to it as shown in the accompanying tabic, varied in the 
different animals. At exploratory operation, in seven dogs a three or 
four plus dilatation was found from sixty-three to one hundred and 
t\venty-one days after the establishment of the obstruction ; in five dogs, 
a two plus dilatation was present in from thirty-five to one hundred and 
nineteen days. 

Some of the dogs vomited during the first twenty-four hours after 
the operation. For tlie first few days, they ate little food. Subsequently, 
none of them exhibited any objective symptoms except occasional vom- 
iting. Seven dogs lived for periods var 3 'ing from fift>--ninc to 190 days 
after the obstruction was established. Shortly before death, five devel- 
oped symptoms of acute ileus; two were killed. Of the seven dogs in 
this series, four became emaciated. The remaining five are alive, attd 
had been under observation for from 174 to 240 days on September 15. 

Degrees of Dilalaiiott After Obstruction * 
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• In the table, + represents sllptit dilatation; ++, moderate dil.Hatlon {lf»= than twice 
the normal diameter); +++, marked dilatation (about twice the normal dlametm, and 
++++, extreme dilatation (more than twice the normal dlamctcrt; T, (aseiul band tlnhter.C'l 
at this operation. 

The nutrition of these dogs remains unimpaired. Xo abnormalities of 
the stools were observed. Complete autopsy observations will be 
included in a later report. 

PHYSIOLOGY 

The fluoroscopic observations in clinical cases of duodenal obstruc- 
tion have been described by Jordan,” Wheelon,”' Koenuccke and 
Meyer Ratkoezi and others. In general, they found stasis and 
reverse motility in the duodenum, gastric and duodenal hyperperi‘^tnl-i=. 

11. Jordan, A. C; The Duodenum and the .Appemlix in 
Brit M. J. 1:1225 (June 1) 1912. 

12. Whcclon, H.: Objcrv.ations on Gastric .and Duodenal Motility in Ditod-.-rial 
Obstruction, J. A. M. A. 77:1404 (Oct 29) 1921. 

13. Ratkoezi. N.; Qironic Stenosis of Duodenum, .'\m. J. lb entuer.:!. 12: 
246 (Sept.) 1924. 
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on the stomach and duodenum and presented cases to prove that the 
suggestion was a worthy one. 

Since the publication of these observations, a number of authors 
have reported work which confirms many of the observations of Cushing 
and Livingood. The duodenal bucket has afforded to many observers, 
Libert,® Hoefer ® and others, the opportunity to study the bacteria of 
the duodenum under normal and disease conditions. There is general 
uniformity of opinion that bacteria are found in the upper intestine in 
relatively small numbers under normal conditions of the stomach and 
biliary tract, but that the organisms in the mouth and pharynx and those 
contaminating the food and drink are found in great numbers if the 
gastric acidity is low, or if the biliary tract is diseased. . In 1918 and 
1919, Kendall,’’ and Torrey,® and others since that time, found that 
changes in diet modify the flora of the intestine, certain types of bacteria 
being favored by certain food elements and inhibited by others. Rettger 
and Cheplin® asserted that certain bacteria may be introduced into the 
intestine and maintain an existence for a time, retarding the develop- 
ment of other bacteria which are considered harmful, Dragstedt and 
his co-workers confirmed the observation that diet modifies the flora 
of the intestine, but stated that if intestinal stasis or acute intestinal 
obstruction is produced, no matter what the predominating types were 
before, the putrefactive bacteria promptly become predominant and 
may be responsible for the intoxication found in those conditions. 

One is surprised to find that many of the reports in the literature do 
not mention that anaerobic cultures have been made; others state that 
there was no difference between the aerobic and anaerobic cultures. 
Many authors noted that bacteria frequently were seen in smears which 
could not be cultivated. Cushing and Livingood,^ particularly, described 
a large bacillus which was often present but which would not grow. It 
is possible that these were anaerobes which could not develop in the 
degree of anaerobiosis attained by these workers. Others have appre- 
ciated the importance of anaerobic cultures. 

5. Libert, Edmond : Le tubage duodenal ; Ses applications au diagnostic et au 
traitement. Considerations sur la flore duodenale normale et pathologique, Paris, 
1924. 

6. Hoefert, Bruno: Ueber Bacterienbefunde im Duodenalsaft von Gesunden 
und Kranken, Ztschr. f. klin. Med., 92:221-225 (Nov.) 1921. 

7. Kendall, A. I.; Recent Developments in Intestinal Bacteriology, Am. J. 
M. Sc. 156:157-172 (Aug.) 1918. 

8. Torrey, J. C.: The Regulation of the Intestinal Flora of Dogs through 
Diet,.J. M. Research 39:415-447 (Jan.) 1919. 

9. Rettger, L. F., and Cheplin, H. A. : A Treatise on the Transformation of 
the Intestinal Flora, New Haven, Yale University Press, 1921. 

10. Dragstedt, L. R.; Cannon, P. R., and Dragstedt, C. A.: Factors Control- 
ling the Intestinal Bacteria. The Effect of Acute Obstruction and Stasis on 
Bacterial Types, J. Infec. Dis. 31:209-214 (Sept.) 1922. 
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size; in others, the dilatation was less pronounced. X'ariations also 
occurred in the same dog at different observations. These changes were 
probably the result of alterations in tonus; because of this it was con- 
sidered futile to compare roenlgenographic appearances with gross 
dilatation observed at exploration. However, there seemed to be some 
correlation between the latter and the degree of stasis. This is dis- 
cussed in detail under the heading of stasis and dilatation. 

After the filling of the duodenum, the following cycle was obserxed 
in six of the seven dogs that were examined : A deep peristaltic contrac- 
tion appeared in the antrum and progressed toward the pylorus ; some- 
times the entire antrum appeared to contract at one time instead of in 
the form of a peristaltic wave. As the wave approached the pylorus, the 
latter opened and barium passed through into the duodenum ; then the 
pylorus closed, and the contraction traversed the duodenum, causing a 
marked bulge in the latter as it approached the obstruction. Immedi- 
ately after this there appeared a definite to-and-fro motion of the mass 
of barium in the duodenum (apparently independent of the antrum), the 
result of deep contractions that traveled alternately toward the obstruc- 
tion and then toward the pylorus. During reverse movements, the bulb 
was momentarily distended, especially when the sphincter was closed. 
At some obserx'ations, the sphincter was open, and reflux into tltc 
antrum occurred. After four or five of these alternating contractions, 
peristaltic activity in the antrum appeared anew, and the rhythmic cycle 
was repeated. In the interval between contractions, the antrum api>carcd 
to be inactive and usually only partly filled with barium. Sometimes it 
was empty, possibly because of a tonic contraction of the so-calU;d 
“sphincter antri pylorici” or of the antrum itself. Similarly, the duo- 
denum at times did not contain barium ; this may have been caused by a 
tonic contraction of cither the pyloric sphincter or of the duodenum. 
In such cases, the cycle could not be distinguished. In one dog. in which 
there was apparently slight obstruction, the cycle was not observed. It 
will be noticed throughout the remainder of the study that this dog wa'? 
practically normal. 

Sometimes, when the lower or middle portion of the rlnoflennm 
was tonically contracted, the cycle could be identified ojily in the upper 
duodenum and bulb. When reflux into the antrum was marked, tlic 
duodenum and antrum appeared to be continuous, and it wa'? more diffi- 
cult to distinguish the cycle. It seemed as though the antral jieristahic 
wave spent itself more rapidly than usual, because of increa-ed r<’-i'-t- 
ance from irregular contnactions in the duodenum. .\t manv oh-er\-a- 
tions. the barium was propelled beyond the obstruction in jet^, which 
followed only duodenal contractions of antral origin. .Xt f>thcr time=:. 

IS. Hofmcistcr. F., and Schutz. F.: Ul>cr die .^ntmnntj'clicn P,>-v.rc".!i'.«ra 
dcs Mapens. .Arch. f. Exper. Path. n. Pharmahol. 20:1 fOct. fit 1*^.-.'^. 
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gray colonies of gram-negative bacilli and small green colonies of cocci. The 
anaerobic plates from the second and third tubes developed typical B. welchii 
colonies, and small gray colonies of gram-negative bacilli. The aerobic plates 
from these tubes showed only large gray colonies of gram-negative bacilli. The 
anaerobic plates from the fourth and fifth tubes again showed B. welchii 
colonies, while the aerobic plates did not show any growth. From such observa- 
tions one could estimate that there were between 10 and 100 aerobic gram-positive 
cocci, between 1,000 and 10,000 aerobic gram-negative bacilli and between 100,000 
and 1,000,000 anaerobic gram-positive bacilli in one cubic centimeter of the original 
fluid. 

EXPERIMENTAL RESULTS 

In a preliminary series, the obstruction was made just above the 
ileocecal valve. In eleven dogs, specimens of fluid were taken from the 
duodenum, lower jejunum and lower ileum just above the occlusion. 
The results in. this series were unsatisfactory, since all but one dog died 
as a result of the procedure. The causes of death included general peri- 
tonitis, acute obstruction and pneumonia. However, certain of the pre- 
liminary results are of interest and are included here, particularly the 
ante-obstruction observations of bacteria in the duodenum. The results 
from these eleven normal dogs were added to the figures from the four- 
teen dogs of a later series in which the obstruction was placed at the 
lower end of the duodenum. Thus we obtained cultures from the duo- 
denum of twenty-five normal animals. 

In the early experiments the organisms foimd in the lower intestine 
belonged to many types whidi could not be classified, and a complete 
analysis was not practical. However, the bacteria in the duodenal 
fluid were few in number and variety and in almost all cases could be 
isolated and identified. It soon became evident that there were three 
principal bacterial groups, namely, aerobic gram-negative bacilli of the 
B. coli group, aerobic gram-positive cocci of the nonhemolytic or 
green streptococcus group and anaerobic gram-positive bacilli of the 
B. welchii group. Other ' organisms rarely found were B. proteiis, 
Staphylococcus aureus and albus, B. sporogenes and certain gram- 
positive aerobic bacilli. In the later experiments, no attempt was made 
to classify the organisms further than to put them into one of these 
three groups. The results are given in table 1. 

A survey of these results brings out certain points of more or less 
significance. First, let us take the normal series. In only one of the 
twenty-five (4 per cent) was the duodenum sterile. In seven, the Welch 
bacilli existed alone. In three, the streptococci and in one the colon 
bacilli existed alone. In six, all three forms were found. The cocci 
were present in fourteen and absent in eleven. The gram-negative 
bacilli were present in eleven and absent in fourteen. The gram-positive 
anaerobic bacilli were present in seventeen and absent in eight. It is 
seen that the gram-positive anaerobic bacillus was the type most con- 
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delayed motility, especially at the five-hour oijservatiou, may In: 
explained by alterations in the "gradient,*’ as described by Alvarez.*' 

The tonicity of the pyloric sphincter varied during the phase of indi - 
pendent duodenal activity. At some observations, it ajipcarcd con- 
tracted ; at others, it allowed reflux into the antrum, 'i'lie activity of tl'.e 
sphincter can be modified by duodenal motility during the negative ])hase 
of the antrum.^^ The prolonged reverse motility of the ob>tructcd 
duodenum probably induced marlvcd alterations in the pyloric s])hincter. 
which, however, were not recognized by the fluoroscoi)c. 

The site of origin of the antral peristaltic contraction, which aji]>carcfl 
to be independent of activity in the fundus and body of tlie stomach, 
requires finer methods of study for a more accurate interpretation. 
Recently, Klein found that, normally, antral contradictions may 
originate either at a nodal center near the cardia, along the lesser 
curvature of the stomach, or independently, at a separate nodal center 
at the reentrant angle. 

STASIS 

In all of the dogs, there was a dela}* in the passage of the barium 
through the duodenum proximal to the site of tlie obstruction. The 
emptying time and the amount of residue varied. In four dogs, there 
was a persistent residue at the end of five hours; in two dogs, the 
duodenum was filled with barium at one five-hour observation, but was 
empty at another. In one dog, the duodenum was always cmjity at the 
one-hour observation. This dog was referred to earlier as having prac- 
tically no delay in motility. 

More pronounced variations occurred in the emptying- time of tl'.e 
stomach. However, marked irregularities also exist normally. A\ one 
observation of a normal, fasting dog, the stomach was empty at the end 
of one hour; at another observation of the same dog. a gastric re-idn.c 
was still present at the end of three hour.s. Wheelon and Tiioma': '* 
noted similar variations in the dog and in man. I’.lonmfield and 
Keefer,’® employing a dififerent method, recently reported wiflc differ- 
ences in the motility of the normal stomach in inaTi. 

In chronic duodenal obstruction, the stomach always contained 
baritim at the one-hour observ.ation. except in the dr:: in wliirh the 
obstruction apparently had little effect. Tn one series, four doe-' had 
five-hour gastric re.sidues. Tn another series none r.f th.e do'.:s P.ad 


17. Alv.arcr, W. C. : The Mcclintiics of the Directive Tr.-'.c:. N'l v.- ’)'< ; 
R. Iloclwr. Tnc- 1022. 

18. Klein. K. : Ga'^tric ^^otilitv; Oririn .and Gwr.actcr '•{ 

.^^ch. Snrp. 12:571 fPeh.l 1026. 

19. Rlonnificltl, A. I-., rind Keefer, C. : CHnir:-.! Phy-i .I'.ry t; •• > 

Simnltaneons Quantitative Ohtervation* on Ga'tric Fferct-ry .\r' 

Motility, Arch. Int. Med. 38:145 fAnsT.I 102'., 
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present in ten and absent in two. The gram-positive anaerobic bacilli 
were present in eleven and absent in one. It is seen that there was a 
striking increase in all types. In general, the greatest increase in num- 
bers was found when the greatest dilatation was present, but this was 
not invariable. Fluoroscopic examinations as reported in the previous 
paper revealed the fact that the delay in emptying almost always 
corresponded closely to the degree of dilatation. 

It is seen that certain types were present after obstruction which 
were not found before, and vice versa; also that the type predominating 
before had no certainty of predominating afterward. In general, the 
gram-negative bacilli increased more than the others but not strikingly, 
as Dragstedt reported for his cases of acute obstruction. 

When little obstruction was present, it was increased slightly at the 
time of the second operation by tightening the band. When eleven of 
the animals were examined a third time, from fifty-nine to 108 days 
after obstruction, it was found again that in no case was the duodenum 
sterile, and in no instance did a single type exist alone. In ten, all 
three types were present. The cocci were present in ten and absent in 
one. The gram-negative bacilli and the gram-positive anaerobic bacilli 
were present in all instances. It is seen also that there was a general 
increase in the number of all three types. Again, it is seen that' the 
predominating type changed, and that the gram-negative bacilli gained 
more than the others. In every instance but one, the degree of dilatation 
either had been maintained or had increased. 

Three animals were examined a fourth time, from 119 to 121 days 
after obstruction, and again the gut was not sterile in any instance. In 
all of the cases all three types were present, but the numbers were less 
than at the time of the preceding examination. The gram-negative 
bacilli, however, maintained their numbers better than either of the 
others. The degree of dilatation was somewhat increased. 

In eleven of the twelve dogs having a third or fourth examination, 
cultures were made not only of the fluid in the gut above the obstruc- 
tion but also of that from the lower jejunum for comparison. The gut 
immediately below the obstruction frequently was found collapsed, and 
intheregionof the middle of the gut this condition was also often present. 
In seven of these cases the number of organisms in the lower jejunum 
was less than in the duodenum above the obstruction. In three 
of these seven, certain types which were present above the obstruction 
were absent below. These results are shown in table 2.' 

At the same time, cultures were made of bile taken from the gall- 
bladder by aspiration without primary dilution. In six of the eleven 
cases, organisms were found in considerable numbers. These observa- 
tions are of great interest and warrant a more extensive study. 
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residues at the end of five hours. It was interesting to note that, in the 
latter series, six dogs had marked stasis in the duodenum. 

The pylorus usually allowed the passage of barium from the stomach 
to the duodenum at the immediate observation. Sometimes from five to 
fifteen minutes elapsed before any barium appeared in the duodenum. At 
the obstruction, after a short delay, barium usually began to enter the 
distal duodenum, and the upper jejunum in varying amounts. However, 
in two dogs there was a marked delay of one-half hour and two hours, 
respectively. The latter dog developed symptoms of acute ileus the day 
after this observation. At the five-hour observation, except for the 
duodenal and gastric residues noted, the barium was in the large 
intestine and occasionally in the lower ileum also. 

In one dog, the outline of a large oval mass was observed in the greatly 
dilated duodenum just above the site of the obstruction. It was in the 
same situation at the three series of observations. However, it did not 
obstruct the lumen of the duodenum completely, the barium passing 
around it in a thin film. The mass was probably a large hair ball (a 
similar one was found in the dilated duodenum of another dog that came 
to autopsy). This dbg is in excellent condition and has evidenced no 
obstructive symptoms up to the present time. 

STASIS AND DILATATION 

In spite of the fact that the fluoroscopic examinations were started 
from forty-two to sixty-four days after the last exploratory operation, 
the notes made at the explorations concerning the degree of dilatation 
of the duodenum coincided well with the degree of stasis observed 
roentgenologically. In five dogs, in which a marked dilatation of the- 
duodenum (three or four plus) had been noted, a corresponding five-hour 
residue existed. In one dog,, although only a moderate dilatation (two 
plus) had been observed, barium was still present in the duodenum at 
the end of five hours. This was the dog that had the mass in the 
duodenum described above; the added obstruction probably developed 
after the last exploratory investigation. In the other dog in which only 
a moderate dilatation had been observed (two plus), the duodenum was 
empty at the end of one hour. 

Too much emphasis must not be placed on such observations, how- 
ever, because the degree of stasis varies and is determined by many other 
factors besides the mere gross dilatation of the duodenum ; the degree of 

the obstruction, the amount of compensatoryhypertrophy and tonus of the 

duodenal musculature, the tonus of the pyloric sphincter, gastric motility, 
psychic factors, and the character of the food must all be considered. 
It is unfortunate that earlier fluoroscopic examinations were not made 
for comparative studies. Koennecke and Meyer noted a five-hour 
residue in the duodenum of a dog in which the obstruction had existed 
five weeks. 
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and antagonism of bacteria are questions which have been studied 
greatly but have not been elucidated. Castellani “ has recently made 
some simple and convincing experiments which indicate definitely that 
certain organisms when growing together may perform certain functions 
which neither could accomplish alone. 

The fact tliat down in the middle of the intestine the viable bacteria 
were frequently less than above the obstruction suggests that, with the 
passage of the food mass and a collapse of the tube, there may be some 
antiseptic action by the gut mucosa on the bacteria in immediate contact 
with it. It is probable that many bacteria penetrating the wall are 
destroyed. Radel,^® tried but failed to demonstrate any growth- 
inhibiting substance in extracts or emulsions of the stomach or intestinal 
wall, and suggested that whatever the antiseptic action, it must be a 
function of living cells. This may be something of the same nature as 
that which prevents digestion of the living mucosa by the digestive 
fluids. 

Our observations with regard to the presence of bacteria in the bile 
of certain of the dogs with duodenal obstruction is of considerable 
importance and will be continued and carefully controlled. A report 
will be made in a subsequent paper. 

It has been found repeatedly by many observers that the lower gut 
is in contact with billions of orgam'sms, while the duodenum normally is 
not. The question arises whether the lower gut normally has any 
resistance to the action or invasion of these organisms which the duo- 
denum has not. May such resistance be developed by the duodenum 
after prolonged contact with them? Although the cases are too few to 
draw conclusions, there is a suggestion, in the falling off in numbers of 
bacteria in the examinations made in the later stages of obstruction, that 
this feature of the problem may well merit investigation. One is 
reminded of the intestinal immunity results of Besredka in this 
connection.^* 

SUMMARY 

1. In the duodenum of our dogs, bacteria were normally present. In 
70 per cent of cases anaerobic gram-positive bacilli of the B. welchii 
type were found. In 50 per cent, varieties of the nonhemolytic strepto- 

12. Castellani, A,: The Importance of Symbiosis or Oose Association of 
Different Species of Organism in the Production of Certain Biochemical Phe- 
nomena and in the Causation of Certain Diseases and Certain Symptoms of 
Diseases, J. A. M. A. 87:15-22 (July 3 ) 1926. 

13. Radel, F. W.: Sind in der Dunndarmschleimhut Bakterienwachstiim 
Hemmende Stoffe (Bakteriostanine) nachweisbar? Ztschr. f. d. ges, exper. Med. 
48:658-670, 1926. 

14. Besredka, A. : Immunisation Locale Pansements Specifiques, Paris, Masson 
& Cie., 1925. 
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COMMENT 

It is interesting to note that, despite active reverse motility ini the 
duodenum, often with an open pylorus, vomiting occurred only twice 
during the fluoroscopic examinations, and' infrequently during the entire 
jjcriod of observation. The symptoms associated with retention and 
reverse motility in the duodenum have been discussed from a clinical 
point of view by Whcclon and others. In a series of seventy-four 
cases reported by Wheelon, only eight presented a history of vomiting. 
Clinically, chronic duodenal ileus is characterized by many subjective 
symptoms such as headache, dizziness, nausea, “biliousness,” and a sense 
of fulness in the epigastrium. 

However, since such subjective symptoms cannot be elicited experi- 
mentally, it is impossible to draw any analogies. None of the dogs 
developed tlic objective nervous sj'mptoms usually associated with 
intoxication. 

In view of the marked alterations in the duodenum associated with 
chronic obstruction, the possible relationship of such changes to infec- 
tions of the biliary tract and alterations in the regulation of the flow of 
bile mu.st be considered. Carlson.-* llurget.-- and Kodama-“ have 
emphasized the po.csible importance of the tonus of the duodenal mus- 
culature in the closure of the ampullar end of the common duct. Pre- 
liminary .studies of the dogs of this series indicate that the gallbladder 
bile in more than 50 per cent contained large numbers of organisms of 
intestinal origin. 

CONCLUSIONS 

1. -'\ simple method of producing chronic duodenal obstruction in 
the dog is described. 

2. Dilatation and hypertrophy of the duodenum developed above the 
obstruction. 

3. Fluoroscopic examinations confirmed the existence of prolonged 
duodenal stasis. 

4. Alterations in the contractions of the antrum, the pyloric sphincter 
and the duodenum occurred, and a rhythmic cycle between the three was 
observed. 

5. Except for emaciation in some of the dogs and occasional vomit- 
ing, tliere were no symptoms of intoxication. 

20. Wlieclon, H. : Symptoms Associated with Duodenal Retention and Reverse 
^fotility. J. A. jr. A. 86:326 (Jan. 30) 1926. 

21. Carlson, A. J.; Physiology of the Liver, J. A. M. A. 85:1468 (Nov. 7) 
1925. 

22. Burget, G. E. : The Regulation of the Flow of Bile, Am. J. Physiol. 74: 
583 (Nov.) 1925. 

23. Kodama, S. : A Model to Simulate the Mechanism of Emptying of the 
Gallbladder, Am. J. Physiol. 77:385 (July) 1926. 
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kidney 

Surgical Technic. — ^Bugbee^ cites cases to illustrate problems of 
renal surgery. These case reports and the discussion of them emphasize 
the following points : 

Hematuria, however slight, may be of extreme importance and 
should never be passed over without thorough and repeated study. By 
such means renal tumors will be diagnosed much more often, and in 
their incipiency, when cure may be possible. 

There are many and varied types of renal tuberculosis, the more 
chronic forms being probably often misunderstood. Nature develops 
remarkable resistance to tliis type of infection. Sucli resistance should 
be utilized to the fullest in the treatment of these cases. 

Anomalous renal vessels as a cause of ureteral obstruction and result- 
ing hydronephrosis are more common than has been believed previously. 
Pyelography in these cases may give a fairly definite picture. Tem- 
porizing is of no avail. 

Renal calculi call for a most careful study of each case, the best judg- 
ment in outlining the proper procedure to be followed and careful 
operative technic. 

Conservatism in deciding on operation, the proper preparation of the 
patient for operation, consen^ation of renal tissue, nephrotomy pre- 
liminary to nephrectomy in the presence of serious surgical risk, the 
free emplo3Tnent of transfusion and intelligent after-care will go far 
toward placing renal surger)' in its proper place as one of the most 
interesting, accurate and satisfactory branches of surgery. 

■ ‘ II ¥ 

1. Bugbee, H. G.: Some Interesting Problems in Renal Surgery, J. Urol. 
15:431-448 (May) 1926. 
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function of the digestive tract is doubtless tlie outcome of age-long 
mutual adaptation which has resulted in the establishment of a relative 
equilibrium. The host survives witli comparatively little evidence of 
injury to itself, and the bacteria maintain their species with relatively 
unimportant variation in numbers. Studies of this so-called normal 
relationship are interesting, but the disease phenomena which result from 
the invasion of the body by these bacteria after injuries to or the absoiq)- 
tion of their products following altered physiologic processes of the 
alimentary canal makes fascinating problems for research. 

Surgeons observed long ago that wounds of the stomach and upper 
intestine were not always followed by peritonitis as were wounds of the 
lower intestine. They found that operations in the upper regions could 
be performed with impunity, while sections of the lower portions were 
attended with grave risk of death. On the other hand, occlusions of 
the intestine produced profound symptoms of intoxication which were 
greater and more rapidly fatal when they were in the upper levels than 
when they were lower down. Cushing and Livingood,'* were stimulated 
by the former observations to attempt a study of the bacteria from the 
human stomach, duodenum and jejunum, taking specimens as oppor- 
tunity afforded at the time of or after operations on the alimentary canal 
and from fecal fistulas, for the most part in pathologic conditions. They 
also studied the intestinal fluid at various levels in rabbits and dogs. 
Old as it is, their work has many points of interest in the present discus- 
sion, and reference to it merits some detail. They were struck by the 
irregularity of their results, and concluded that there were no peculiar 
or stable flora in the intestine except perhaps Bacillus coU in the 
lower intestine. They found "no marked differences between the 
colonies on aerobic and anaerobic plates” but frequently saw bacteria 
in smears, which they could not cultivate. They confirmed the observa- 
tions of previous research workers that there were many more bacteria 
in the lower than in the upper intestine. They noted, howe\ er. that the 
number at all levels decreased greatly after starvation, and that the lower 
limb of a fecal fistula became sterile. They concluded that bacteria were 
ingested with food and water and were killed in large numbers in the 
stomach if the food were delayed there for a time. Viable bacteria wore 
therefore scanty in the duodenum bitt multiplied rapidly during ih.eir 
passage through the small intestine. After the passage of the chyjnc. if 
no more food was taken, the intestine tended to become amicrr.bic. 
They recommended the abstinence from food preliminary to operation? 

4. Cushinp, H., and Livingood, L. E.: Experimental and Surnic.il 
upon the Bacteriolopj' of the Upper Portion of the .Mimentary Cn!'.'’.!. v.ith 
Observations on the Establishment There of an .^microhic State a-' a Pre- 
liminary to Operative Procedures on the Stomach an'l Small If.tc=th;e. Ti I.r:-- 
Hopkins Hospital Rep. 9:543, 1900. 
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segmentary, involving only part of the excretory tract. The ureteral 
orifices may take part in the process. The congenital nature of tlie 
lesion is suggested by the extent of the dilatation, the early age at which 
it usually occurs, the absence of mechanical obstructions or of cerebro- 
spinal lesion, the occasional bilateral incidence of the condition and the 
association of other well recognized congenital malformations, such as 
polycystic kidneys, coccygeal anomalies, spina bifida and hypospadias. 
The author advocates the pathogenic hypothesis that the anomaly affect- 
ing the urinary apparatus of the kidney results from a dystrophic condi- 
tion similar to that causing polycystic kidneys. This dystrophic condition 
is of the same group as that which brings about megalavesica and 
raegacolon. The congenital lesions seem to affect primarily the nerve 
fibers, which brings about atony and, later, dilatation of the pelvis and 
ureters. The slight hypertrophy of tlie muscular coat, found on his- 
tologic examination, explains the fight of these ducts against the dynamic 
troubles with which they are confronted. Cases of segmentary dilatation 
are due to limited involvement of the urinary sympathetic plexus. On 
the other hand, some cases probably result from the persistence of the 
relative dilatation of the ureter and kidney existing in the fetus till the 
fifth month. The symptoms are not clear. Many cases, particularly 
those of the segmentary type, remain latent. Chronic incomplete reten- 
tion is often the accident which reveals the others. In most cases there 
is a remarkable adaptation of the organism, with the maintenance of 
renal secretory activity sufficient to support life, in spite of the extent of 
the lesion. The diagnosis is impossible without a complete urologic 
examination. A simple cystoscopic observation is sufficient to make the 
diagnosis in cases in wliich the dilatation extends to the ureteral orifice's. 
Ureteral catheterization may sometimes be a guide in showing pelvic' 
retention or in exhibiting a vesicorenal “reflux.” Valuable diagnostic 
help is derived from pj^elography and cystopyelography. 

Walther * reports a case of bilateral double renal pelvis and ureter in 
a woman, aged 65. Cystoscopy, because of pyuria and pain under the 
right shoulder blade and in both flanks, showed double ureteral orifices 
on the right and left; a pyelogram made of each side showed complete 
duplication of pelvis and ureter on each side. There was infection of 
the lower part of the pelvis on the left. The patient died and the con- 
dition was demonstrated at necropsy. 

In commenting on complete bilateral duplication of the pelvis and 
ureter, Walther states that this case brings the total number reported 
up to fifty-one. The condition represents from 6 to 27 per cent of the 
anomalies of the upper part of the urinary tract, according to various 
investigators. The importance of always looking for a second ureteral 

4. 'Walther, H. W. E.: Bilateral Duplication of Renal Pelves and Ureters, 
Ann. Surg. 82:968-970 (Dec.) 1925. 
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■ With the idea that the anaerobic organisms might be significant in 
certain types of intestinal obstruction, we have made both aerobic and 
anaerobic cultures in the present stud}*. AVe have also attempted to 
correlate our observations with tlie anatomic and certain of Uic physio- 
logic conditions revealed at subsequent operations. 


TECHNIC 

In-a previous paper, we have described the technic of partial duodenal obstruc- 
tion in dogs.® The principle is to use a living sheet or band of parietal peri- 
toneum and posterior sheath of the rectus from the abdominal wall and to diminish 
the lumen of the gut to considerable degree without obstructing it completely. 
All food was withheld from the animals for* thirty-six hours before operation, 
and water was withheld for sixteen hours. Specimens of duodenal fluid were 
obtained by stripping the gut approximately 10 cm. from the pylorus and clamp- 
ing 5 cm. of the duodenum thus stripped between two rubier protected clamp?. 
We estimated that this left approximately 0.S milliliter of fluid, held largely 
between the crypts and folds of tlie gut With a syringe and a no. 16 I.ucr 
needle, this segment of the gut was washed thoroughly with 5 millilitcr.c of the 
supernatant fluid from 0.2 per cent dextrose cooked meat medium from which 
the air had been driven by boiling. The needle hole was clo.scd witli a purse 
string suture previously laid and tied as the needle was withdrawn. One milliliter 
of this fluid was then planted into a tube of dextrose cooked meat medium, and 
0.1 milliliter was transferred to the first of a scries of twelve tubes, each con- 
taining 0.9 milliliter of the supernatant broth. After thorough shaking, 0.1 millili- 
ter was transferred from the first to tlie second tulx; and so on through the 
series. Thus each tube contained approximately one tenth of the bacteria preent 
in the preceding tube. Allowing for experimental error, the num1)cr of organisms 
present could be estimated within one digit. The fluid withdrawn after waMiing 
the segment of the gut represented an approximate dilution of from 1-10. In tl:e 
small tubes, the dilutions ranged from one to one hundred to one to ten trillion. The 
tubes were then incubated under strict anaerobic conditions in a McIntosh and Filde? 
jar.” In this medium under these conditions, both aerobes and anaerol>es develop, 
satisfactorily. After twenty-four hours culture, stre.aks were m.adc on 5 per cent 
sheep blood agar plates from the tubes showing growth. One set of plat' ? v.n» 
incubated acrobic.ally and another set anaerobically. Smears from the broth in !:- 
cated to what ddution each type of org.anism had been distribute'!. On th" next 
d.ay, the plates were examined to confirm the obscr\-at)ons in the tube'. Irr iivi lua! 
colonics could then be fished for further identification. From ificsc tube* amj 
plates, an estimate could be made of the number of viafde of ?..ch 

type in the original duodenal fluid. For example, let us say that five t'f t!:e '•r:;':!! 
tubes showed growth. In the first tube, gram-positive cocci, large gr;.m-j- ‘ t:’.** 
bacilli and small gram-negative bacilli were found. Gram-positive am! grarr:-:;'‘gativ'- 
bacilli were present in the second and third tt:bcs, but only gr;.m-;>'>':t:v.- 
in the fourth and fifth. The anaerobic plates made from ti'.e fir-'t '■£ !’>•' 
showed the typical large douldc aoned colonies of ff. zvArhii, sma!! i-ray c ! 
containing gram-negative bacilli and smrdl colonic' of c'cci v.r.'cl: v:r: ► 1 g:--;. 
on exposure to the air. Th.c aerobic plate from the first tnbe sh 'V. ' 1 < 


11. MeInto.'h, T., and Fildes, P. : Xcw .^pp.ar.-.tn' :r- t’- I* t ;. : 

Cultivation of .Anaerobic Microorganisms, I-ar.cft. f.‘.tri! - I''!' 
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localized perirenal adhesions, and thus difficult to identify. The original 
pelvic duplication of the kidney has doubtless occasionally been over- 
looked.] 

Eisendrath, Phifer and Culver ® review the cases of horseshoe kidney 
reported in the literature and add three of their own. This anomaly 
occurs about once in from 715 to 862 necropsies. The halves may be 
symmetrical or asymmetrical. As a rule they lie at an equal distance from 
the spine, but one or both halves may be displaced, one half lying close to 
the spine and the other half far away. As a rule, the lower poles con- 
verge. The isthmus joins the lower poles in about 90 per cent of the 
cases, the upper poles in about 10 per cent. In seven of the cases 
studied, the isthmus was fibrous, but in the majority it was composed of 
parenchyma without any line of division between -the halves. The 
transition to the so-called cake kidney is mentioned as being present in 
many cases so that there may be an area of demarcation between the 
two kidneys. In two cases only was the isthmus found behind the aorta. 

In most cases there was a complete pelvis in each half, yet duplication 
of the pelvis or double pelvis in one side or both was encountered at 
times. In horseshoe kidney the calices are at times extrarenal and end 
independently in the ureter. As a rule the ureters pass across the 
isthmus. Sometimes the isthmus itself may have an independent ureter. 
Usually calices are present only in the upper half or two-thirds, but an 
extrarenal calix may drain the isthmus and may be opened during the 
operation of heminephrectomy. 

The site of the horseshoe kidney may be anywhere from the normal 
level to the true pelvis, although it usually is below the aortic bifurcation. 
The fixation is in a measure due to the fact that it has multiple blood 
vessels supplying it, all from immediately adjacent trunks. Multiple 
vessels for each half and often for the isthmus as well are found in 80 
per cent of the cases. The importance of this in operative considerations 
is obvious. 

The course of the ureter across the isthmus, the abnormal site of the 
pelvis on the ventral aspect of the kidney, the frequent insertion of the 
ureter at a point higher than the bottom of the pelvis and the frequent 
absence of a pelvis are productive of pathologic conditions. Congenital 
stricture of the ureter is common in cases of horseshoe kidneys, and the 
presence of many anomalous vessels adds to the possibility of ureteral 
obstruction. 

There are no symptoms pathognomonic of the anomaly. Abdominal 
pains are presumably due to the pressure of the isthmus. The most 
characteristic feature of these pains is their increase when the patient 
leans forward or exerts himself, and their complete disappearance when 
the patient lies down. 

S. Eisendrath, D. N. ; Phifer, F. M., and Culver, H. B, ; Horseshoe Kidney, 
Ann. Surg, 82:735-764 (No%',) 1925. 
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sistently found in the duodenum of the dogs of our series. If atiacrohic 
cultures had not been made, 32 per cent instead of 4 per cent would 
have been considered sterile. 

One is struck by tlie high counts in four of this .series of normal 
dogs. We cannot e-xplain this inconsistency except to suggest that in 
some way or other there was a high intake of bacteria just before opera- 
tion. There is a possibility that the dogs were fed. althoisgh the care- 
takers deny this, and no food was found in the stomach at oj'erntion. 
It is significant that these animals were all operated on within a single 
week. It is possible that they were a poorly nourished group. Witli 
these exceptions, the bacterial count of the normal duodenum of our 
dogs was low'. 

Tahlh 1. — Results of Duodenal Obstructinu in Di'iis. 
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nephrosis. Some of these factors were experimentally modified over 
long periods of time, thus increasing (diuresis) or diminishing 
(oliguria) urine. formation; the effect of such changes on the rate of 
development of hydronephrosis was noted. The effect of more direct 
alteration of intrarenal pressure and blood flow was studied. To deter- 
mine the gross changes in the kidneys, stereoscopic roentgenograms were 
made after intra-arterial injections of barium sulphate; the capacities of 
the renal pelves were measured, and the kidneys were then sectioned 
and studied further. The discussion of experimental results has been 
summarized under the following heads. 

Splanchnotomy. — Complete obstruction of a ureter in ' rabbits was 
followed by the progressive development of hydronephrosis. The degree 
of hydronephrotic atrophy was proportional to the duration of the 
obstruction. Unilateral splanchnic neurectomy caused diuresis on the 
side of operation as the result of vasodilatation, with an increase in 
the blood flow through the kidney. This diuresis persisted for long 
periods. Unilateral interruption of the splanchnic supply after complete 
ligation of the ureter had no influence on the rate of development of the 
hydronephrosis. 

Partial Obstruction of the Renal Artery. — In this group of experi- 
ments, the renal artery was partially compressed and permanent 
unilateral oliguria produced by diminishing the blood flow and intrarenal 
blood pressure. It was noted that; 1. Urinaiy secretion could be 
reduced by a properly placed, partially obstructing rubber tube on the 
renal artery. 2. With the blood flow and the intrarenal blood pressure 
reduced and the ureter on the same side totally ligated, hydronephrosis 
developed to a much greater degree and more rapidly than when the 
ureter alone was ligated. 3. The increase in the rate of development of 
hydronephrotic atrophy in the presence of reduced secretory pressure 
and of pressure atrophy are important factors, but the nutritional factor 
is an equally or more potent one in the production of hydronephrosis. 
4. Rapid parenchymal degeneration resulting from anemia by arterial 
compression weakens resistance and accelerates dilatation, in spite of the 
diminution in back pressure. 

Partial Constriction of the Renal Vein. — ^The effect of diminished 
blood flow, caused by partial obstruction of the renal vein, but with 

A. B. : Experimental Hydronephrosis : The Effect of Changes in Blood 
Pressure and in Blood Flow on Its Rate of Development: II. Partial Obstruc- 
tion of the Renal .Artery: Diminished Blood Flow; Diminished Intrarenal 
Pressure and Oliguria, Arch. Surg. 11:649-659 (Nov.) 1925. Hinman, Frank, 
and Hepler, A. B. : Experimental Hydronephrosis: The Effect of Changes in 
Blood Pressure and in Blood Flow on Its Rate of Development, and the Sig- 
nificance of the "Venous Collateral System: III. Partial Obstruction of the 
Renal Vein "Without and With Ligation of All Collateral Veins, Arch. Surg. 
11:917-932 (Dec.) 1925. 
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COMMEXT 

Certain of our obser\ations corroborate the work of previous 
obsen'ers. Aerobic bacteria were present in the majority of cluodenums 
of our normal dogs for a considerable length of time after the passage 
of food through the duodenum. With anaerobic organisms al>o con- 
sidered, it was found that the duodenum was rarely sterile. The viable 
bacteria were enormously increased in number after chronic or partial 
obstruction of the duodenum which produces a delay in the jvissage of 
intestinal contents and some degree of distention and hypertrojihy of 
the gut above the obstruction. This relative increase in the viable 
organisms in the stripped gut was striking, but attention should be 
called to the fact that the dilated lumen filled with material made the 
actual increase even greater. The amount of fltiid probably rlid not vary 
more than three or four times the estimated quantity in any case, wliilc 
the number of bacteria per milliliter increased thousands of times. 
This increase is probably caused by a multiplication of the bacteria in 
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the duodenum. Any delay of food in the stomach favors a great 
destruction of bacteria, bttt when the food mass has passed ti'.e ] 
it comes in contact with the duodenal fluids which have a much weaker 
anti.septic action. 

The great variability of the flora from time to time in atiiinal- 
duoden.al obstruction, with a predominance of now one lU'w a; 
type, stiggcst.s that the bacteria are constantly clnngiug. ru;-! t!; -. 
\'ariation depends on the intake and survivrd uf the ditT<'rt;:t ty: 
bacteria rather than on the variance of th.e l<'‘c.-'.l c u'.'h'.i' :.-- 
there is some evidence that the conditions teu.d to favi r th" • rt ! t-.; 
of the gram-negative organisms. When br.cterin ;.re g.-. v.-ivi’ :■ 
large numbers, the question of their inttractien b*. : tui - r.u ir.:- 
one. In a number of instances there seenu- : to I--- :.r. i:’:. ' iti ‘ 
growth in the test tube of the gram-p '-itivc ’'.Jr- 

from our animals by th.e gram-po=;;ivi- r.'.rsbk' c‘ *1!- ‘'-r:' 


.•Joru', 
;kfr 

\\ i t ! 1 

t ?*'•- 





•780 ARCHIVES OF SURGERY 

rnonia, one each from uremia, tuberculous meningitis, miliary abdominal 
tuberculosis, and general peritonitis. In seven (5.8 per cent) of the 121 
cases death was considered due to operation. Krdnlein reports 5.6 per 
cent, Zuckerkandl 7.7 per cent, and Wildbolz 2.8 per cent mortality in 
their series of operative cases. Thirty-six of Westerborn’s patients 
died later from tuberculosis or other renal disease, a mortality of 33.6 
per cent; the total mortality (forty-three deaths in 114 cases) was 
37.8 per cent. The following were the causes of death: renal tuber- 
culosis in sixteen cases;. pulmonary tuberculosis in nine; multiple foci in 
two ; miliary tuberculosis, tuberculous meningitis in four ; renal disease 
in five ; operation in seven, and intercurrent disease in two. 

Only forty-seven of the 111 patients for whom complete data were 
obtainable are living and without symptoms of renal tuberculosis. Males 
are more likely than females to have trouble after operation. This may 
possibly be due to the frequency of genital infections in men, although 
from the mortality results associated genital infection apparently pro- 
duces increased immunity to the infection. Forty-four per cent of 
patients with associated genital tuberculosis got well; in contrast only 
35 per cent of patients without such genital infection recovered. Forty 
per cent of the men and 73.2 per cent of the women are completely 
cured; 13 per cent of the men are still having trouble, while all the 
women living are free from trouble; 47 per cent of the men and 26.8 
per cent of the women died. Bilateral tuberculosis occurred in thirteen 
of the entire number of cases. 

[Ed. Note. — ^In the large series of cases reported from ten to 
twenty years ago, the operative mortality following nephrectomy was 
high. Von Schmieden reported a mortality of 25.4 per cent. In 106 
cases in which operation was performed between 1890 and 1900, Kuster 
(1902) found a total mortality rate of 18.8 per cent in 297 compiled 
cases. In recent large series of cases, Ihe percentages are much lower : 
Boeckel reports 5.8 per cent, and Legueu and Chevassu 5.9 per cent. 
Israel, in a review of 1,023 cases of nephrectomy, found an operative 
mortality of 12.9 per cent, and a late mortality rate of from 10 to 15 
per cent. Wildbolz asserts that the larger general reviews are not of 
so much value as the more carefully compiled statistics of individual 
surgeons. From the reports from several large urologic centers, he 
reviewed 1,450 cases in which the mortality rate was 5 per cent. Only 
eleven (2.4 per cent) of 445 of Wildbolz' own patients died following 
operations. Most of the deaths were due to cardiac or pulmonary com- 
plications. Sixty-two per cent of 317 patients operated on at least one 
year before were cured ; 30 per cent were dead, and 8 per cent still had 
evidence of disease. Fifty-five per cent of 104 patients operated on at 
least ten years before were completely cured; forty-four died from 
tuberculosis, mainly of the genito-urinary tract. In Kummell’s 188 
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cocci group and in 40 per cent members of ilie B. coU group were 
present. Tims the anaerobic gram-positive bacilli were tlie ino.-t con- 
sistent but were not invariably present. 

2. After partial obstruction of the duodenum, thc-c organism-: v.ere 
found in enormously increased numbers varying with the tlegiec of 
obstruction and the extent of dilatation of the inlc.-tiue a1-ove tlic 
obstruction. The greatest increase in numbers was with tiie bacilli of 
the B. colt group, hut there was no striking dilTcrencc between thi'. an.i 
the other types. 

3. This increase was maintained for a consiflcrahle perio-i, Inu ir. 
some cases there was a decrease later, even though the obstruct:":) 
persisted. 

4. The flora of the duodenum in any particular animal was n"i o-r.- 
stant, now one and now another type predominating. 

5. The gut immediately below the obstruction was usually mort- "r 
less collapsed. In more than half of the cases of this serii-c, there w<-re 
fewer viable organisms in the lower jejunum far below the ob-trua-tio;; 
than in the gut just above the obstruction. 
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concludes that catheterization through an opened bladder should not be 
attempted on account of its uselessness in cases in which cystoscopic 
ureteral catheterization is unsuccessful. A good “constante d’Ambard” 
associated witii satisfactory exploration of the presumed healthy kidney 
will be a safeguard against excision of the diseased organ. Michon 
suggested the use of MacCarthy’s urethroscope with injection of indigo- 
carmin in order to detect the ureteral orifices when cystoscopic cathe- 
terization is impossible. If the ureteral catheter is stopped shortly after 
it enters the ureters, he advises catheterization through a cystostomy 
opening ; this should be successful if one takes care to lift up the inter- 
ureteral muscle with forceps. Marion favors catheterization through 
the open bladder, stating that the cystostomy and drainage at least gives 
relief to the patient.' Pasteau also states that when cystoscopic catheteri- 
zation is impossible, catheterization through an open bladder is easily 
performed and should always be done. Legueu agrees with Darget and 
states that one may be unsuccessful in attempting to catheterize through 
an open bladder. Nephrectomy in those cases may be performed after 
exploration of the healthy kidney. He cites his statistics of 1,209 cases 
of renal tuberculosis. In 1,053 in which operation was performed after 
catheterization, the mortality rate was 1.9 per cent; in 341 cases in which 
operation was not preceded by catheterization, the mortality rate was 3.9 
per cent. Pasteau and Marion do not believe in the safety of 
nephrectomy performed without preliminary catheterization and only 
based on the “constante d’Ambard.” 

[Ed. Note. — ^When tuberculous infection of the kidney has advanced 
to such a d^ree that it is impossible to determine the side of the primary 
lesion definitely by cystoscopic procedures, it is probable that bilateral 
infection is present. In some cases it is extremely difficult to rule out the 
possibility of bilateral infection ; one kidney may obviously be diseased 
while the opposite kidney reveals little evidence of infection. In a series 
of twenty-two cases at the Mayo Clinic of apparently unilateral tuber- 
culosis, guinea-pigs were inoculated with urine from the supposedly 
healthy kidney. The results were positive for tuberculosis in seven, and 
negative in fifteen. In every case two or more guinea-pigs were injected, 
so that the results may be regarded as fairly accurate. Even with infec- 
tion in both kidneys, the condition of the bladder may not be any dif- 
ferent from its condition in ordinary areal cystitis, and bilateral tests 
often show that renal function is normal and equal. Pyelography may 
demonstrate a moderate degree of inflammatory dilatation like that 
obserx’^ed with chronic pyelonephritis. Often, however, evidence of 
cortical necrosis confined to one or more calices will reveal the tuber- 
culous origin. In some of these cases cultures made from the urine 
from the kidney may show the presence of colon bacilli, which is par- 
ticularly misleading since the bacteria of secondary infection are not 
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from 16 to 50 years of age. About one-sixth of the general population, 
that is, about 17 per cent, are more than 51 years old. In his series 122 
(7.8 per cent) were betu^een the ages of 51 and 75, and of this number 
four were between 71 and 75. 

Blatt^^ reports a series of cases of open cavernous tuberculosis. 
This type of case is often seen, and it is the opposite of the occluded 
condition as described by Zuckerkandl and Braasch. Wolff reported 
eighty-eight cases of occluded renal tuberculosis, the distinguishing 
feature of which is complete isolation of the kidney from the bladder 
by stricture of the ureter. Blatt found five cases of open, cavernous, 
renal tuberculosis without vesical symptoms in a series of 130 cases 
treated operatively. He believes that this type of lesion, the bladder not 
being involved, is caused by an unusual strain of the bacilli of tuber- 
culosis that affects the kidney alone. 

Ferret^" describes his technic of nephrectomy. His experience 
with a series of cases without a death included eighty-seven in which 
nephrectomy was performed for tuberculosis. Ferret does not use the 
oblique incision, but the high transverse lumbar. He believes, with 
Bazy, that the incision must first of all facilitate the most dangerous and 
important step of the operation. In cases of nephrectomy, this step is 
represented by the freeing of the superior pole and the preparation, 
ligature and cutting of the vascular pedicle ; the ureter is not severed as 
is often thought. The incision is extended up to the lateral border of 
the quadratus lumborum; a tube should’ be placed there to drain the 
inferior culdesac of the renal pouch. If after complete cicatrization of 
the wound, a secondary abscess forms around the ureter, it will pene- 
trate through the muscle layers. During the “decollement,” or liberation, 
the kidney should be left in place without handling, as most of the imme- 
diate complications of nephrectomy, such as tuberculous meningitis, 
miliary dissemination, reflex anuria, embolism and infection of the 
wound, are caused by unnecessary maneuvers which traumatize the 
kidne}' and cause traction on its pedicle. Ferret does not attempt to 
remove a large section of the ureter. He removes only 5 or 6 cm., 
believing that, if an abscess does form around the severed stump of 
the ureter, it had better be high in the wound, in a drained area, rather 
than low, in the pelvis. 

Ferret does not drain with rubber drains and gauze, as the latter 
becomes adherent to muscle and peritoneum, functions poorly and is 
painful to the patient. For more than fifteen years he has used a glass 
drain, which is replaced by thinner ones on the fifth and tenth days. 
In this way a firm canal of fibrous tissue forms, through which a scc- 

11. Bl.itt, Paul: Offene kavernose Nierentuberkulosen ohne Blasensymptomc, 
.-\rch. f. kiln. Chir. 140:654-662 (May) 1926. 

12. Perret, C. A.: Contribution a la technique de la nephrectotnie (en par- 
tintlicr pour ttibcrculosc renal), J. d’urol. mcd. et diir. 21:397-412, 1926. 
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ostium on each side as a part of cystoscopic routine is emphasized. The 
hurried examination of the vesical mucosa and failure to carry out 
indigo-carmine tests of function in cases of suspected double ostium, 
as well as the omission of urography, account for the failure to recognize 
many of the cases. The fault lies with the cystoscopist who overlooks 
such conditions. 

[Ed. Note. — It is a commendable routine to look over the surround- 
ing area of the bladder, the trigon and the sphincteric region for second 
openings. The value of pyelography in demonstrating this anomaly 
cannot De stressed too much. If a unilateral pyelogram seems incom- 
plete and the pelvis small in relation to the renal shadow, or if certain 
calices are apparently missing from the upper or lower pole, the possi- 
bility of a second ‘pelvis or ureter should be borne in mind, and further 
search for a second ureteral orifice should be made. The most common 
anomaly in the urinary tract is duplication of the renal pelvis and ureter ; 
such duplication may be unilateral or bilateral, complete or incomplete. 
An excellent review of 300 cases, largely from the literature, is given 
by Mertz in a recent series of articles. It is of interest that in 27 per 
cent of these the duplication was bilateral. 

The comparatively large number of cases of bilateral duplication 
which have been reported in the literature may be explained by the fact 
that this unusual condition is reported, while the more ordinary unilateral 
condition is not. The comparatively common occurrence of ectopic 
ending of the duplicated ureter as reported in the literature probably is 
also exaggerated and can similarly be explained. 

The incidence of pathologic complications and surgical lesions is 
high. The most common lesion requiring surgical treatment is hydro- 
nephrosis, caused usually by the obstruction of one ureter. Whether or 
not this occurs at the point where the ureters cross one another and is 
the result of this crossing, as suggested by Pawloff, has not been 
definitely proved. It seems probable, however, that in some cases the 
ureteral obstruction is the result of stricture due to congenital anatomic 
defect. In some cases stricture in the lower ureter is associated with 
marked dilatation of the ureter above, comparatively little dilatation of 
the renal pelvis itself and marked cicatricial pyelonephritis in the peri- 
pelvic renal tissue. In cases of extensive hydronephrosis, the surround- 
ing tissues usually become atrophied, and the infection may spread to 
the other renal segment. 

Chronic tuberculosis confined to one pole of a single kidney, if the 
lesion is caseated or fibrous and walled off from the remaining appar- 
ently normal renal tissue, may easily be confused with tuberculosis which 
affects one segment of a double kidney. The pelvis of the diseased 
segment may be obliterated and the ureter be atrophied or involved in 



In both the renal pelvis and the ureter, the individual papillomatous 
fronds are shorter and broader than similar growths in the bladder; 
there is more extensive fusion of adjacent fronds, and atypical cell 
masses are more often seen. Histologically, the growth in the ureter 
and pelvis contains more areas undergoing malignant degeneration than 
the comparatively more villous transplants in the bladder, and loss of 
cellular polarity and regularity, with the presence of numerous mitotic 
figures, may occur in a grossly benign tumor, as in papilloma of the 
bladder. In certain cases, the histologic difference in the tumors in 
the bladder, ureter and renal pelvis is only slight. Lower reported a 
case in which sections from the kidney, ureter and bladder were 
histologically similar. 

The majority of papillary tumors of the renal pelvis are histologically 
similar to the malignant papillomas, or the papillary epitheliomas occur- 
ring in the urinary bladder. In an occasional case glandular changes 
have been noted in cells of the papillaiy structure. If a careful histologic 
study is made of sections from various parts of tumors of the renal 
pelvis, small circumscribed areas of malignaincy will almost invariably 
be found, even in the small pedunculated grossly benign papillomas.] 

Leukoplakia , — ^Karo reported a case of leukoplakia of the kidney, 
pelvis and ureter before the Berliner Urologische Gesellschaft. He stated 
that the case was of eight years’ duration and that the leukoplakia 
formation was on the basis of an infection by the colon bacillus. 

[Ed. Note. — Leukoplakia has long been a subject of interest and 
conjecture because of its unknown etiology and pathologic significance. 
The occurrence of such a process in the urinary tract, reproducing 
exactly the microscopic and gross appearance of skin, together with its 
relative rarity, have stimulated its study constantly. The urinary tract 
is derived from entoderm and mesoderm, whereas leukoplakia is an 
epithelial process. Hinman, Kutzmann and Gibson, in a study several 
years ago, concluded that leukoplalda played a definite role in the devel- 
opment of squamous-cell carcinoma of the urinary tract. A review of 
the existing theories suggested that leukoplakia was possibly a true 
metaplasia on the basis of chronic inflammation and irritation, or the 
biologic process Of adaptation to environment in the form of protective 
comification. It was also thought that leukoplakia of the urinary tract 
might arise on the basis of misplaced embtyonal rests of primitive 
ectoderm. 

Clinically, the s5'mptoms are those of infection of the urinary tract, 
urinar}’ lithinsis or conditions with which they may be associated. It 

16. Karo, W.: Lcukoplakie dcs Nierenbeckcns und Ureters, Ztschr. f. Urol. 
20:205-211. 1926. 

17. Hinman, Frank; Kutzmann, A. A., and Gibson, T. E.: Leukoplakia of 
tbc Kidney Pelvis, Surg.. Gynec.. and Obst. 39:472-489 (Oct.) 1924. 
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The diagnosis of horseshoe kidney may be determined by palpation. 
Since the advent of urography, diagnosis by palpation is less frequent. 
Roentgenographic evidence consists of the dose proximity of one or 
both renal shadows to the spine at a lower level than normal, and the 
close proximity of shadows of renal calculi to the spine, or the obliquity 
of their position in relation to it. If, however, one or both halves are 
symmetrical, that is, at the same level and as far away as the normal 
kidney, the roentgenographic data are of little help. Pyelography is the 
method that corroborates the suspidons aroused by the roentgen-ray 
observations. If one or both pyelograms lie in close proximity to the 
spine at the same or different levels or even extend partly across the 
spine, there can be little or no doubt of the presence of horseshoe kidney. 
Braasch called attention to the finding of one or more calices directed 
mesially, long narrow pelves, and the unusual cours,e of the ureter 
passing behind the calix and not entering the pelvis along its convex 
border. 

Eisendrath, Phifer and Culver recommend the extraperitoneal route 
in operating. It is frequently necessary to extend the incision to the 
outer border of the corresponding rectus musde because access to the 
pelvis must be from the ventral and not from the dorsal aspect, as in 
ordinary pyelotomy. The peritoneum may be displaced while the patient 
is in the lateral position, and then the patient may be placed in a supine 
position while the pelvis and isthmus are being explored. For 
heminephrectomy a good exposure is essential owing to the many acces- 
sory vessels that enter the hilum, poles and isthmus in an irregular 
manner. The isthmus may be clamped as one proceeds to divide it, and 
the denuded areas closed by mattress sutures of chromic catgut reinforced 
at loop and knot by fat pads. 

[Ed. Note. — ^This is an excellent review of the anatomic, pathologic 
and surgical features of an anomaly that has been much discussed in 
American and European literature during the last five years. The 
importance of correct diagnosis, which can usually be made by the 
proper application of urologic methods, is to be emphasized. The authors 
contribute little that is really new to our knowledge of the condition, 
but in a clear way they have epitomized the essential practical features 
of its pathology.] 

Hydronephrosis . — ^Hinman and Hepler,® in a comprehensive set of 
experiments, have undertaken to determine the causal relation behveen 
some of the recognized factors in the formation of the urine and hydro- 

6. Hinman, Frank, and Hepler, A. B. : Experimental Hydronephrosis : The 
Effect of Changes in Blood Pressure and Blood Flow on Its Rate of Develop- 
ment: I. Splanchnotomy: Increased Intrarenal Blood Pressure and Flow; 
Diuresis, Arch. Surg. 11:578-585 (Oct.) 1925. Hinman, Frank, and Hepler, 

(Footnote continued on following page) 
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individual cysts, thus permitting the kidney to return, at least partially, 
to its normal size. The cysts usually do not contain urine, and perma- 
nent fistulas do not form. 

Begg,2^ after a brief review of the literature on the subject of 
hemorrhagic cysts of the kidney, adopts the description of Brin, who 
reports twelve cases. This description is as follows : 

The cysts are solitary, and their size as a rule is large. Their extirpation is 
difficult on account of adhesions to the surrounding organs. The cyst wall is 
whitish, and the contents consist of red or blackish fluid with old brownish clots. 
The latter may be black in color, or they may be of white fibrin. The cavity of 
the cyst is received into the rest of the kidney substance as an egg into an 
egg-cup. Its wall is continuous with the outer surface of the kidney, without 
any obvious ridge of demarcation. The internal surface of the C 3 'st wall is 
irregular and festooned with clots, of which the most superficial are of a dark 
red or blackish color, and the deepest, grey-white, formed of fibrin, and inti- 
mately adherent to the fibrous lining of the cyst. The wall is always much 
thicker than in the case of the simple serous cysts, and may reach 5 mm. or even 
1 cm. in width. 

Microscopically, three layers can be distinguished; (1) an inner layer of 
clots and fibrin; (2) a middle fibrous layer, and (3) an outer layer formed by 
renal parenchyma atrophied and sclerosed. 

Both the part of the kidney containing the cyst and tlie rest of the organ are 
clothed in a fibrous capsule of normal thickness. There is rarely a communica- 
tion with the kidney pelvis. 

These cysts are not ordinary serous cysts into which hemorrhage has 
occurred. Large solitary hemorrhagic cysts are rare. They have few 
characteristics in common wtih solitary simple cysts and should be placed 
in a separate category. They are different in nature from blood cysts 
caused by the degeneration of malignant tumors, from hematonephrosis 
and from traumatic pararenal cysts. The suggestion is made that these 
cysts are of the nature of localized hematonephrosis, in which the source 
of the bleeding remains active for a long time. This source may be in 
the papillae of the affected portion of the pelvis, and in the case reported 
an angioma was demonstrated. In some instances the cyst may owe its 
origin to an angioma in the substance of the kidney itself. 

The diagnosis is obscure, and the treatment is total nephrectomy. 

Lithiasis . — Hinman and Gibson “ report a case of recurring urinary 
lithiasis in a phj’’sician. Left nephrectomy had been performed because 
of calculous pyonephrosis, and several operations had been performed 
on the right kidnej’’ because of rapidly recurring stones. This kidney, 
because of the repeated attacks of stones and infection, was practically 
destroyed, leaving what appeared to be less functioning renal tissue than 
is necessary to maintain life. Death was due to cardiac failure and not 

^ 4 

to uremia. The important points of the case were the rapidity of recur- 

21. Bcgg. R. C. : Solitarj’ Hemorrhagic Cysts of the Kidnej’: With Report 
of a Case Originating in a Cavernous Hemangioma, Brit. J. Surg. 13:649-655 
(April) 1926. 
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increased intrarenal pressure and oliguria, on the rate of development 
of .hydronephrosis is considered in this group of experiments. Partial 
constriction of the renal vein causes capillary stasis and increase in 
glomerular pressure. The chief question was whether the latter could 
so affect secretory pressure as to increase the rate of development of 
hydronephrosis. Prolonged partial obstruction of the renal vein not 
only produced diminution of blood flow through the kidney and oliguria, 
but also increased the intrarenal pressure and, if the degree of obstruc- 
tion was not too great, increased secretory pressure. When such a 
procedure was combined with complete ureteral obstruction on the same 
side, the usual course of development of hydronephrosis was accelerated 
up to twenty-one days, after which the rate of development followed 
the type usually seen in the longer periods in simple hydronephrosis. 
The venous stasis of the early periods was found to be nullified later 
by the compensatory action of the perirenal collaterals. When the col- 
lateral venous system was completely destroyed by ligation, and then 
partial constriction of the vein combined with complete ureteral obstruc- 
tion, the rate of development was found to be accelerated for the early 
periods of hydronephrosis over that even of a simple venous constriction. 
After twenty-eight days marked shrinkage or secondary atrophy 
occurred, owing to the marked venous occlusion as a result of failure 
of a collateral system. The action of the venous collateral system, 
therefore, was compensatory, and its development or nondevelopment 
was not an essential factor in simple hydronephrosis. Its failure may 
therefore be an important one in the rare instances of late secondary 
atrophy with venous constriction. The initial acceleration in the rate 
of development of hydronephrosis that occurred with venous constriction 
was primarily the result of increased secretory pressure, and only sec- 
ondarily the result of the nutritional disturbance. 

Tuberculosis . — ^Westerborn ^ reports the cases of renal tuberculosis 
treated at the Upsala University Qinic in Sweden from 1901 to 1923. In 
all there were 151 patients; 100 were males and fifty-one females; 126 
were less than 40 years of age. In 121, nephrectomy was performed ; in 
sixty-five, the right and in fifty-six, the left kidney was removed. Com- 
plete data were obtainable in 111 of these 121 ; sixty-six of the patients 
are living, and forty-five are dead. Two died from intercurrent disease ; 
the remainder died from renal tuberculosis or renal disease. Six died 
the first month, six from two to six months, and five from six to tw'elve 
months after operation; four lived more than ten years. Of the six 
patients who died the first month after operation two died from pneu- 

7. Westerborn, Anders: Das Resultat der Behandlung der Nierentuber- 
kulose in der cbirurgischen Universitatsklinik zu Upsala, insbesondere mit 
Rucksicht auf die Entstehung von Miliartuberkulose nach Cystoskopie und 
Sondierung, Arch. f. klin. Chir. 139:699-728. 1926. 
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cases of papillitis or pyelitis granularis. When there is marked 
glomerulonephritis, decapsulation is of value. When the bleeding is 
massive and threatening to life, nephrectomy, or possibly decapsulation, 
is the procedure of choice. Nephrotomy is discouraged. 

Gottlieb feels that the term “bleeding from a node or focus” is a 
better one than “essential hematuria.” 

[Ed. Note. — ^Essential hematuria still remains a discouraging field 
for study in urology. Certainly, the pathologic changes found are not 
consistent nor are they clinically or anatomically demonstrable beyond 
a doubt. Gottlieb’s study, while thorough and interesting, adds little that 
is really new or tangible. It is probable that for some time to come we 
shall await new evidence concerning the causes of this obscure disease.] 

Renal Function. — Helouin®^ says that most urologists have aban- 
doned the intramuscular phenolsulphonphthalein test and use only the 
intravenous method. He used the latter more than a hundred times 
without accidents or trouble. The duration of the test is sixty minutes ; 
3 mg. of phenolsulphonphthalein is diluted with 4 cc. of sodium chloride 
solution and injected into a vein. The urine is first collected after thirty 
minutes and again thirty minutes later. The average elimination in 
normal cases has been: after thirty minutes, from SO to 60 per cent; 
during the next thirty minutes, from 18 to 25 per cent, and during the 
whole hour, from 65 to 85 per cent. Helouin’s work on phenolsulphon- 
phthalein concerns principally its relative value to the “constante 
d’Arabard” or “K.” He concludes that the intravenous phenolsulphon- 
phthalein test and “K” usually give similar results, but from a quantita- 
tive point of view one observes differences fairly often which should 
not be neglected. In general, the test which should serve as a criterion 
for the evaluation of the individual renal function should be the one 
showing the poorest return. The phenolsulphonphthalein test should be 
used instead of “K” only in cases in which it is materially impossible to 
perform the latter; but, on the other hand, the results of “K” should 
always be controlled by a phenolsulphonphthalein test. Both tests 
complement each other, and their individual clinical value increases when 
the}' are studied together. 

[Ed. Note. — ^Ambard’s coefficient is still sponsored by a number of 
internists and urologists, particularly in France. It is interesting to 
note that it is gradually being replaced by the much simpler and more 
accurate phenolsulphonphthalein test.] 

24. Helouin: L’cpreuvc dc la phaiolsulfonephthaldne j'ntraveineuse dans 
I’cxploration fonctionnclle renale, Pressc mcd. 1:755-756 (June 16) 1926. 


(To be continued) 
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cases, there was a mortality rate of 7 per cent ; of the remaining patients, 
sixteen died the first year, and fourteen in the next four years. Thirty- 
nine patients were well from fifteen to twenty years after operation, 
and thirty-eight from ten to fifteen years. 

Twenty-three (2.7 per cent) of 845 patients subjected to nephrectomy 
for renal tuberculosis at the Mayo Clinic died during the first month 
after operation. In the earlier cases uremia was the most common cause 
of death and accounted for the large operative mortality. With the 
present accuracy of preoperative diagnosis, uremia only rarely causes 
death. When death occurs following operation from uremia, it is 
usually due to nontuberculous infection of the opposite kidney, or to 
chronic nephritis. The common causes of early death after the removal 
of tuberculous kidneys are peritonitis and pulmonary complications, such 
as empyema, pneumonia and pulmonary embolism. 

Israel believes that the chief causes of late postoperative death are 
pulmonary tuberculosis and tuberculous infection of the opposite kidney. 
He found, in a series of cases, that more than one-half of all late deaths 
occurred within two years after nephrectomy. Pulmonary tuberculosis 
was the cause of death in 45 per cent, tuberculosis of the kidney in 35.9 
per cent, and acute miliary tuberculosis in 14 per cent. He also believes 
that pulmonary tuberculosis existed before operation in 73 per cent of 
the cases in which it caused death. Meningitis is often the cause of 
late death. Simmonds found at necropsy that 30 per cent of men with 
genito-urinary tuberculosis had died from meningitis, only 5 per cent 
from pulmonary tuberculosis, and none from infection of the genito- 
urinary tract.] 

Darget ® reported the following case, which has been the source of a 
long discussion at the Societe frangaise d’urologie, A man, aged 51, 
who had had renal tuberculosis for the last six years, was examined on 
account of increased frequency and pyuria. The right kidney was 
enlarged and painful; the left could not be palpated. The “constante 
d’Ambard” was 0.1, the blood urea 0.35 Gm. and the urine urea 16.2 Gm. 
Numerous attempts to cathetherize the ureters were made, with all pos- 
sible artifices (epidural anesthesia with morphine; constant irrigation 
and spinal anesthesia) but none was successful. The capacity of the 
bladder would not exceed 25 to 30 cc., and the ureteral orifices could 
not be found. Renal function being good, cystostomy was performed 
in order to catheterize the ureters, but this also was unsuccessful. 
Suprapubic drainage was maintained, and the healthy left kidney was 
explored operatively before excision of the right. Cure followed, 
although the closure of the cystostomy opening was difficult. Darget 

8. Darget, R. : Tuberculose renale ancienne: Impossibilite de catheterismc 
ureteral par voie cystoscopique et a vessie ouverte : Nephrectomie sur la constante 
apres lombotomie exploratrice, J. d’urol. med. et chir. 21:367-374, 1926. 
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literature 

In the reported cases there is throughout a relative consensus of 
opinion either that these tumors are malignant, but in a relatively low 
degree, or that, even if benign, they may. undergo carcinomatous change. 
This fear has caused the surgeon to perform an extensive operation for 
their removal, after- which he has given a good prognosis, since they 
were supposed to be “cancer of a relatively low grade of malignancy.” 

The early authors considered all these tumors as cancers, Avhile the 
English writers, Williams,^ Biyant," Shield ® and others, differentiated 
the benign, intracystic papillomas. However, there is still much confu- 
sion, and mistaken diagnoses, which class the benign cases as cancer, are 
still frequent. 

Ewing ^ holds that malignant fonns are relatively common, but says 
that the lymph nodes may remain immune for an indefinite period. 
Delbet thinks malignant forms are sufficiently common to justify radical 
treatment in all cases. According to Upcott," from four to five out of 
every ten cases are malignant. Greenough and Simmons ® class three out 
of their twenty cases as cancer.. In one case clinically malignant, death 
from cancer followed a radical opei‘ation. In another, with nothing in 
the clinical report to suggest cancer, the patient was well one year after 
simple removal of the breast ; the third patient, in whom the tumor was 
beneath the nipple and adherent to the skin, .was well two years after 
removal of the breast alone. 

Evans ^ says that a nipple disdiarge in a nonlactating breast is asso- 
ciated with a papillary growth, either intracystic, when it may be a “duct 
carcinoma,” or protruding, when it is the less dangerous “duct papil- 
loma.” Murphy ® reports a case in which there was a villous growth 
arising from an otherwise smootli-walled cyst. The cut surface of the 
solid portion of the tumor was encapsulated and apparently situated on 
the side of the cyst wall from which the papilloma arose. He believed 
the condition to be suggestive of a low grade of malignancy and treated 
it as carcinoma, dissecting out the axillary glands. In these no metas- 

1. Williams, W. R. : A Monograph on Diseases of the Breast, Their Pathol- 
ogj’ and Treatment, with Special Reference to Cancer, London, J. Bale and Son, 
1894. 

2. Bryant, Thomas; The Diseases of the Breast, London, Cassell & Co., 1887. 

3. Shield. A. A Clinical Treatise on Diseases of tiic Breast, London, 

Macmillan Company, 1898. 

4. Kwing, James: Neoplastic Diseases; a Treatise on Tumors, Ed. 2, Phila- 
delphia, W. B. Saunders Company, 1922. 

5. Upcott, H. : Practitioner 91:14-18, 1913. 

6. Greenough, R. B., and Simmons, C. G. : Ann. Surg. 45:188, 1907. 

7. Ev.ans, J. H. : Practitioner 91:7, 1913. 

8. Murphy, J. B. : Surg. Clin.. Philadelphia, 3:569-574, 1914. 
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were placed in a special group with the diagnosis questionable: one early 
case because of a lack of microscopic confirmation of the gross diagno- 
sis ; in the other four because there was a difference of opinion (under 
report of cases). Still another early case showing a cancer cyst had to 
be removed from the malignant group, since it was a squamous cell 
carcinoma and apparently had arisen from a dermoid cyst. 


20 25 80 85 40 43 SO 35 60 65 - 70 73 BO ftS 


SaSSSBBSSisSiSiSBBiSKSSSSSiSSS: 



tiil 

HBniii 

BBBBBBfliSBBBlIBBBBBBBBHBIil 



■BBBBBBBBBBBBBBBflBBBBBBBnBBBMii! 


IMI 


IBBBBBBBBBBBrilBBBBBBBB||BH 

IBBBBBBBBBBBKIIBBBBBiBBISBBI 

BrBBBBBBBBBBBBBBBBBBiMBBBBBBBBMBlI 
lima BBBBBBBBBBBB BBBBggBBBBBBBlliiiil 

■BBfflBBBBBBBBBBBBBBnBEBBBBBBBBBHBH 
■BBBBBBBBBBBBBBBBBBiiDBBBBBBBBIBBH 
■BBBBBBBBBBBBBBBBBBKNBBBBBBBBMHH 
■BBBBBBBBBBBBBBBBBBI^BBBBBBBnBBH 
■BBBBfl»BBBBBBBBBBBBI.^IIBBBBBBBBHBn 
■BBBBflnHBBBBBBBBBBBKMBBBBBBBBinn 
»W«BBBBBBB 15 B 15 

nymM 


Fig. 1. — at onset: actual number of cases occurring in each 
period. The mean age for the benign group is seen to be 42j4 
malignant group 51 years. This chart also shows the large j^j^Ugnanf 

tumors occurring in patients under the cancer age. Benign group, > 
group, shaded; two squares represent one patient. 


BENIGN GROUP • 

The following is a composite picture based on ninety-five cases, ^ 
a second operation for a similar tumor in nine, giving a to a 
reports. - 




SCHOLL ET AL.— REVIEW OF UROLOGIC SURGERY 785 


ondary abscess may evcnlually find its way to the exterior. In the past. 
Ferret has catheterized the bladder at the end of the operation ; some- 
times considerable pus, which has probably come down during the 
operation, is found in the bladder. If the patient awakes and coughs 
or vomits, this pus !nay be forced back into the diseased ureter, and 
may remove the ligature and infect the wound. The bladder is emptied, 
washed with warm solution of sodium chloride, and injected with from 
15 to 20 cc. of a proprietary form of oil of cajuput. 

Joly discusses the question of spontaneous cui'e of renal tuber- 
culosis and cure by medical means. The question can be concisely sum- 
marized. Should the patient be advised to submit to nephrectomy as 
soon as unilateral renal tuberculosis is diagnosed, or are we justified 
in tr^’ing medicinal treatment first, and only advising nephrectomy if 
these methods fail? The answer depends on the efficiency of medical 
methods, and on the dangers incurred by delay. Urologists have 
answered this question definitely. They are unanimous in advising 
early operation. In considering the duration of the disease, Joly con- 
cludes that the disease is rapidly fatal and destroys life much more 
raijidly than is usually supposed. Statistics are quoted in support of 
this conclusion. Rafin found that ninety-one out of 168 patients not 
operated on were dead, the majority within the first three years after 
the onset of symptoms. Further, only four of these were found to have 
died from intercurrent disease. .In all, about 90 per cent of patients with 
renal tuberculosis who are not operated on die from their disease. It is 
noted that the disease is more chronic in females ; this is shown in the 
duration of the disease, in those d}dng from it, and in those surviving. 
This probably is due to the tendenej' of the disease to involve the 
genital organs in the male. 

In answer to the questions : "What is the condition of the sur- 
•vivors?” "Are they cured?” Joly says, 

There is no doubt as to the answer. It is decidedly in the negative. The 
great majority of the survivors are still suffering from the distressing symptoms 
of urinary tuberculosis, and in fact, most of them are dying from it. The 
clinical cures are so rare that they require special mention. They are even 
so rare that they do not appreciably influence the statistics. We must there- 
fore cither look for them in pathological records, or else examine the few 
isolated cases which have been described as natural cures. 

In a careful review of pathologic material, Joly fails to find evidence 
of actual cure. Cessation of symptoms is more often due to occlusion 
of the ureter on the affected side or more rarely occlusion of one calix 
or a portion of the kidney which is tuberculous. In discussing surgical 
treatment, he finds that 58.9 per cent of his patients are cured, which 
he notes is strikingly similar to the observations of Judd and Scholl at 

13. Joly, J. S.: The Late Results of Renal Tuberculosis, Brit, J. Tuberc. 
19:188-195 (Oct.) 1926. 
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duration of the tumor, nipple discharge and pain ran parallel courses, the 
number of patients with these symptoms decreasing for the periods of 
longer duration (fig. 4). The only two variations from this were that 
ten of the tumors were discovered on physical examination, and the fact 
that the number of patients. with pain falls more rapidly for the periods of 
longer duration. Only five patients had had pain for more than two 
years, and none for more than ten years, while the discharge and tumor 
had been present at times for as long as twenty-five years, with ten 
and fifteen patients, respectively, giving a history extending over a period 
of more than two years. 



Fig. 2. — ^Known duration of lesion before operation, showing average duration 
in years for the cases occurring in each decade; in parentheses are given (he 
number of cases on which this average is based. For the benign group, with the 
larger number of cases, there is a gradual fall in this curve from the first to 
the most recent cases. For the malignant group there is a recent increase in the 
average duration, but this can be seen to be due to one case of long duration in 
each of the last two age periods. There are so few cases for each decade in 
this group that the value of these statistics is questionable. Two squares represent 
one year. Dotted line shows slight fall of duration of cancer cases for recent years 
if the two cases of six and thirteen j'ears’ duration are not included. 

Physical Examination . — In general the lesion occurred in white 
women.” (two cases in men and eleven in negro women) with pre- 
dominantly single tumors, (sixty-two of seventy-five cases noted), the 

11. In the laboratory the specimens from white predominate over those from 
cnl*>rcd patients. The exact ratio is difficult to determine. 
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is almost impossible to diagnose except when cystoscopic examination 
reveals leukoplakia on the wall of the bladder. 

Von Borza states that leukoplakia of the urinary tract is relatively 
rare. It is usually difficult for the cystoscopist to recognize it in the 
bladder, while in the kidney it can be diagnosed only at operation or 
necrops)'. Numerous theories are cited, most of which favor metaplasia. 
The author found only three cases in his clinic in a period of years ; two 
of the cases were diagnosed preoperatively and one at operation. One 
case occurred in a ureteral stump, nephrectomy having been performed 
for stone sixteen years previously. In the other two cases the leuko- 
plakia was in the renal pelvis ; in one there was a squamous-cell carci- 
noma of tlie renal pelvis, and in the other a squamous-cell carcinoma 
of the bladder. For this reason von Borza believes there is a relationship 
behveen leukoplakia and carcinoma. In discussing the histogenesis of 
leukoplakia, von Borza considers that there is more than merely a local 
irritative factor; it may be based partially on an embryonic basis and 
partially on an endocrine basis, hormones being brought forth which 
influence all growth and changes. 

Briggs and Maxwein** review eighty cases of leukoplakia of the 
urinary tract. Forty cases were vesical, twenty-four renal, ten 
ureterorenal, four ureterovesical, and two renal or ureteral or both. 
They state that the etiology is not understood and no theory has been 
proposed that explains the majority of cases ; even if always associated 
with stone or specific infection, the genesis of leukoplalda, which histo- 
logically is a metaplasia of tissue, would still not be entirely susceptible 
of explanation. In summarizing, they state that the renal pelvis is 
probably of tener affected than the bladder ; that it may occur at any age 
and that it is a chronic condition. There are really no pathognomonic 
signs, but the passage of leukoplakic membrane must be watched for. 
Leukoplakia of the bladder does not respond to irrigations or instillations 
and resection; electrodesiccation, radium and nephrectomy must be 
relied on. 

Cysts. — ^Rovsing®° states that nephrectomy for polycystic kidney is 
attended by a high mortality. Milkaniewskis in 127 cases of nephrec- 
tomy reports a mortality rate of 30 per cent. Death was frequently due 
to such complications as tuberculosis, calculous pyonephrosis or malig- 
nant disease. Rovsing advises exposing the kidneys and puncturing the 

18. Von Borza, Jeno: Ueber die Leukoplakic in den Harmvegen mit 
Bemerkungen fiber die Atiologie des Krebses, Ztschr. f. urol. Chir. 19:194-200, 
1926. 

19. Briggs, W. T., and Maxwell, E. S.: Leukoplakia of the Urinary Tract 
with Reports of One Vesical and Two Renal Cases, J. Urol. 16:1-22 (July) 1926. 

20. Rovsing, Thorkild: Die Behandlung der multilokularen Nierenzysten 
nebst Bemerkungen fiber die .^rt Dieses Leidens, Deutsdi. med. Wchnschr. 1:614- 
615 (April 9) 1926. 
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Consistency . — ^The tumor was noted as soft or cystic in twenty-nine 
cases, tense in two,. encapsulated in five, and as firm, nodular or shotty 
in thirty-two. The term “indurated” was used for seven, and “hard” or 
“hard, like cancer” for two. 

Mobility . — In forty-two cases the growth was movable; it was fixed 
in only one (case 4), and in that a marked infection was present. 



Fig. 4.— Duration of the growth of the tumor, nipple discharge and pain with 
the number of cases for each period. It will be noted that these run a some\vhat 
parallel course, except that the number of cases with pain decreases more rapid > 
for the periods of longer duration, and that nipple discharge is much less promi- 


nent in the cancer than in the benign group. 


.Vi/’/’/f. — In forty-three cases the nipple was noted as normal, in 
twelve, there was slight retraction ; in three, it was protruded, and in 
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rence of the stones after repeated removal, frequent attacks of anuria 
with high retention of blood nitrogen, tlie extensive destruction of renal 
tissue without corresponding functional impairment, and the patient’s 
ability to carry on active practice as a physician in spite of almost total 
absence of functioning renal tissue. Microscopic examination of the right 
kidney obtained at necropsy showed extensive parenchymal destruction 
with replacement by fibrosis and other inflammatory elements; prac- 
tically no functioning renal tissue could be seen. 

Hematuria. — Gottlieb®® reviews the various theories of so-called 
essential hematuria. Senator advanced the l^pothesis of isolated renal 
hemophilia to explain the process. Israel found in his cases nodes of 
interstitial nephritis. Klemperer found the condition associated in one 
of his cases with hysteria and neurasthenia, and advanced the hypothesis 
that angioneurosis, whereby the blood vessels became widened, allowing 
diapedesis of the red cells, was the cause of the disease. Coiling, in 
1909, described nephrosis in thirty-five of forty-seven cases. Wessel, in 
1923, described forty-three surgically treated cases. In thirty-four of 
tliese he could demonstrate organic conditions such as paranephritic 
changes, varicose widening of a renal papilla, small aneurysms in the 
cortex, p)'eHtis and papilloma of the renal pelris. In nine cases no 
pathologic change was found. 

Congenital vascular anomalies, nodose glomerulonephritis (Kretsch- 
mer) and what Scheele and Klose call “bleeding from a node” are other 
explanations of the disease. 

Two cases are reported by Gottlieb, one in which the kidney removed 
at operation showed an increase of the connective tissue around the 
papillae with metacliromasia of the cellular elements and widening of 
the associated collecting tubules. A diagnosis of papillitis renis fibrosa 
was made. The other case showed no urologic anomaly or pathologic 
change on close investigation, except the presence of erythrocytes in 
abundance in the urine. Blood clots were never found. The diagnosis 
of essential hematuria was made by exclusion. The patient remained 
unimproved by treatment. Gottlieb considered the bleeding to come 
from a small node without demonstrable pathologic cause. After a 
month, 2 per cent silver nitrate solution was instilled into the renal pelvis. 
This caused some reaction accompanied for four days by increased 
bleeding and then cessation of hematuria. 

In discussing the treatment, Gottlieb expresses the opinion that con- 
servative treatment with instillations of silver nitrate is suited to the 

22. Hinman, Frank; and Gibson, T. E. : Report of a Remarkable Case of 
Recurrent Urinary Lithiasis in a Physician in Active Practice, with an Unbe- 
lievably Small Amount of Renal Tissue; Death, Not from Uremia, but Due to 
Cardiac Failure, J. Urol. 16:43-58 (July) 1926. 

23. Gottlieb, J. : Ueber die sogenannte essentielle Hamaturia, Ztschr. f. urol. 
Chir. 18:237-247, 1925. 
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Lymph Glands . — ^In sixty-four cases the lymph glands were negative ; 
in nine palpable, and in only one case (case 4, infected) were they hard 
and suggestive of malignancy. 

Pathologic Examination . — ^The specimens and histories as received 
in the laboratory show that in 22 per cent the tumor only was removed ; 
in 40 per cent the breast without the axillary contents or pectoral 
muscles ; and in 38 per cent the radical operation for cancer was per- 
formed. In many cases (more than 50 per cent) in the last two groups 
exploratory incisions had been made. 

The tumors were noted as single in 63 per cent of the cases, and 
multiple in 37 per cent. The size. has already been given fairly accurately 
under the physical examination. 



Fig. 6. — Ultimate results in the benign and malignant groups : among sixty-six 
cases of the benign group, followed for from one to twenty-two years, there were 
no deaths from tumor or recurrence, and relatively few deaths from any cause; 
in the malignant group, ‘on the other. hand, can be seen the high mortality from 
recurrence, only three patients being alive at the present time. 

Section through the tumor showed a cyst, which was filled with a 
papillomatous mass in 3 per cent of the cases ; in the remainder it con- 
tained fluid and one or more papillomas (fig. 6). The fluid was bloody 
in S3 per cent of the cases noted ; in 1 1 per cent it was clear, and in one 
case each the cyst was filled with green pus, grumous material and cloudy 
fluid. Of the twenty-nine cases with no note on the cyst fluid, the nipple 
discharge was bloody in eight cases, watery in two, and green and yellow 
in one each ; the type was not noted in three ; in seven there was no dis- 
charge. and in seven there was no note. In three of the other ten cases 
in which the fluid was clear or amber, there was a history of a bloody 
discharge at some time ; in three, a yellow or serous discharge ; in three 
others, no discharge, and in one there was no note. 
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J his hronsl itinior tiuiy lunv ht: c<>ij'i*Jerod as a distinct type made up 
uf a cyst or dilated duct into wiiich projects a soft, friable, papillomatous 
growth. Iji occasiojial ca>cs in the same breast, or in the •wall of the 
cy.*;!. denniie carcinoma is present with invasive and tnetastatic prop- 
erties. In the literature the condition is referred to under various 
names — arlcnoma. villous papillotna. duct papilloma, cystadenoma papillae, 
polycystoma proliferum, proliferating cystadenoma. papillary cystoma, 
duct cancer and carcinoinc villcux. With these is often described another 
tumor of cojumon occurrence, but one that only rarely takes a form 
that could be confused with the true papilloma. This growth shows a 
cauliflomer-like projection hito the cyst, rather than the soft, friable, 
delicate branching.^ of the primarily epithelial structure. It is referred 
to as cystadenoma intracanalicularc. intracanalicular cystadenoma or 
nn-xoma, and endocanalicular papillaty' fibroma. We have been accus- 
tomed to call this the intracanalicular fibro-adenoma or myxoma, and 
it seems to be primarily and predominantly a connective tissue growth. 
Two cases of this type of tumor are included in this series, for the reason 
that clinically and at operation tliey present a similar picture. 

The result of this study, based on 104 benign and t\venty-four malig- 
nant tumors and five cases with the diagnosis uncertain may serve ( 1 ) to 
emphasize the number of cases wrongly diagnosed as cancer; (2) to 
bring out the points of differentia! diagnosis between the benign and 
malignant forms, both clinically and at the explorator}' operation, and 
(3) to present a method of attack that will give the patient the best 
chance of a correct diagnosis and proper treatment. 

Furthermore, since the largest series of similar tumors heretofore 
reported has included about twenty cases, Deaver and McFarland basing 
their chapter in The Breast on forty compiled cases, and the literature 
being made up largely of small groups of individual reports, it is hoped 
that the study of this series will make a definite addition to the informa- 
tion available on this t}'pe of breast tumor. 


* From the Surgical Department of the .Johns Hopkins Hospital and University. 
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adenoma or myxoma (fig. 17 and cases 10 and one case not reported 
here). 

The wall of the cyst was not infiltrated in fifty cases; it was thick- 
in two, but in no case is infiltration recorded (fig. 6). In most cases 
it is stated that the wall was thin, freely movable over tlie surrounding 
tissue, and with no attachment to, of infiltration of, the adjacent 
structures. 



Fig. 8. — Benign papillomatous cyst, showing the pedicle of the papilloma, with 
the fibrous tissue stroma and the covering of duct epithelium. The intracystic 
growth has in places the true papillomatous form, while in other areas there is a 
glandlikc arrangement, the latter possibly due to a fusion of the papillae. In the 
tumor growth and in the surrounding tissue there is marked cellular infiltration 
and large quantities of blood pigment. 

Microscopically the smooth wall of the cyst was lined with duct 
epithelium, occasionally flattened out, but usually columnar. Sections 
through the base of the papilloma showed the fibrous tissue framework, 
which contained the blood vessels, growing up from the connective tisstic 
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tases were found. Warren® gives a good prognosis after early and 
complete removal, stating that in recent cases removal of the breast or 
even of the tumor alone is all that is called for, but that without this 
the danger of malignant sequelae is very great. 

Speese cites two cases which from his report seem to be unques- 
tionably benign. In one a radical operation was done on a girl of 22 
years who had had a tumor for eight years. The other patient, aged 35, 
had only the tumor removed, this showing a cyst with a smooth wall 
except for one small, red, papillary projection. She refused to have a 
radical operation and was well eighteen months later. He doubts the 
diagnosis of malignancy in these two cases. 

Our early records are in accord with the prevailing opinion expressed 
in the literature concerning the nature of these tumors. In the histories 
of cases now diagnosed as benign tliere are repeated pathologic reports 
of malignancy, but with a good prognosis “since this type of cancer 
metastasizes relatively late.” The later records likewise impress on us 
the present day, widespread persistency of fear of malignancy in these 
tumors: many of the specimens that were received with a provisional 
diagnosis of cancer have, after a careful study, been placed in the benign 
group. Three recent striking examples of this may be cited. In the first 
a girl of 16 had both breasts removed because of a bloody nipple dis- 
charge and a microscopic diagnosis of cancer. In the second, a girl of 22, 
with a history of a tumor of two )''ears’ duration, clinically benign, had 
the entire breast removed after the tumor had been excised and found 
to contain bloody fluid. In the third case a diagnosis of “cancer cyst” 
was made, despite the fact that the tumor, as described by the surgeon, 
was encapsulated. 

ANALYSIS OF CASES INCLUDED IN THIS REPORT 

Method of Investigation . — ^At the beginning of this study each case 
was carefully worked over pathologically, grossly when the material 
was available, and microscopically in every case. Where there was a 
question of changing the diagnosis, the correctness of this revision was 
made more certain by including in this restudy the sections on which 
the original classification had been made. These cases were then referred 
to Di’s. Bloodgood and MacCallum, and no changes were made without 
their joint approval. No mistaken diagnoses were found in the benign 
group, but ten cases, in addition to quite a number already reclassified 
as benign, had to be removed from the malignant group. Four of these 
were classed as unquestionably benign (under report of cases). Five 

9. Warren, J. C.: The Surgeon and the Pathologist, J. A. M. A. 45:149 
(July 15) 1905. 

10. Speese, J. : Ann. Surg, 51:212, 1910. 
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be seen varying degrees of round or poVnorphonuclear cell infiltration 
(figs. 7 and 11). Also, quite frequently the tissues were deeply stained 
from old hemorrhage, with enormous numbers of phagocytic cells loaded 
down with blood pigment (fig. 12). Associated with the foregoing 
conditions was every grade of fibrous tissue proliferation (figs. 12 
and 13). 



Fig. 10. — Section taken from a breast the scat of benign papillomatous cysts, 
showing a duct filled with epithelial cells and with the outline quite indefinite at 
places. About this duct arc epithelial elements which arc numerous for a breast 
that has never lactated, and all of these are located in an area of chronic inflam- 
matory reaction and fibrous tissue proliferation. Areas like this, particularly in 
the frozen section, arc often difficult to differentiate from cancer. This patient 
has remained well for five years since operation, at which time this type of tissue 
was cut through in removing the papillomatous cyst. 

Tlie multiplicity of these small areas and the distortion due to the 
hemorrhage and inflammatory reaction, together with their close rela- 
tion to the wall of the large cyst, suggested occasionally that jnva.sion 





HART—PAPILLOMATOUS TUMORS 


797 


History. — In general these tumors occurred in women of any age 
after puberty, but most frequently between 20 and 65, with 4 per cent 
under 20 (fig. 1). The complaint was of a lump in the breast in seventy- 
five cases and a discharge from the nipple in sixty-nine cases, the t^vo 
conditions being frequently associated. In twenty cases there was a 
history of the discharge alone; in ten of these patients a tumor was 
present on examination and the remainder had the operation performed 
solely for the bloody discharge. In eighteen patients with a complaint 
of a lump in the breast there was no history of a nipple discharge. 

Type of Discharge. — ^The discharge was bloody in forty one cases, 
serous in eight, and varying between bloody and serous in seven. In one it 
consisted of green pus. In several cases there is no note as to its character. 
It was usualty intermittent, sometimes with a complete cessation for a 
considerable time, while in other cases it occurred daily, and in a few 
it u’as present almost constantly. There were a striking number of 
reports in which it was noted only, or was more marked, at night, this 
condition probabh' being due to the position of the patient causing 
pressure on the breasts. The usual story was that of a gradual growth, 
but a few patients had noted a rapid increase in size, associated with 
pain, and either a cessation of the discharge or tenderness, redness and 
evidence of infection. Four of the tumors had ruptured with a discharge 
of a bloody material, in one case on tliree occasions, and three of the 
patients came in with a persisting sinus and a purulent discharge. 
(Greenough and Simmons report a case with a sinus.) 

Cessation of Discharge. — ^There are sufficient data to establish the 
fact that in these tumors with a cessation of the discharge there is fre- 
quentty an increase in the size of the tumor. It becomes more tense 
and painful, and the pain is relieved by the reappearance of the nipple 
discharge, the tumor at the same time decreasing in size and becoming 
softer in consistency. There was a definite history of seven tumors 
decreasing in size, five disappearing entirely for a variable period of 
time, in two with a known associated discharge of material from the 
nipple. 

Onset. — ^The first thing noted was the discharge from the nipple in 
forty-seven cases, a tumor in thirty-seven, and pain in thirteen. The 
pain in five instances caused the patient to discover the tumor. 

Diiration of Symptoms. — ^The duration varied for the decades since 
our first recorded cases as follows ; Those since 1920 had an average 
duration of 1.76 years, increasing with each decade back to the earliest 
cases between 1895 and 1900 when the average duration was 4.75 years 
(fig. 2) . The total number of patients falling in any period of duration 
from a few days to twenty-five years can be seen at a glance in fig. 3. 
Eighteen of the patients had had symptoms for five years or more. The 
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record of a case which showed this picture alone and in which there was a 
recurrence, regardless of the type of operation performed. 

The lymph glands were negative in the thirty-four cases noted, there 
being no record of involvement in any one of this series. 

As to infection, every grade of inflammatory reaction has been 
encountered from a slight cellular infiltration to a cyst filled with cloudy 



Fig. 12. — Papillomas arising from a duct within the nipple : on one side is the 
stratified squamous epithelium, with the sharp line of demarcation between it ami 
the duct epithelium ; the former is in close apposition to the papillomatous growth ; 
there is marked inflammatory reaction as evidence of infection. 

or purulent material, the papilloma having been largely destroyed and 
the surrounding breast riddled with minute abscesses. In the cases with 
the more severe grades of infection only a small, cellular, friable thicken- 
ing of the wall had persisted to denote the location of the papilloma, and 
grossly this has often been called cancer. The misinterpretation seems 
to have been due to the adherence of the surrounding tissues, and the 
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majority of which were small,- but with 38 per cent of • those' with the 
size noted being as large as an egg, base-ball, orange, grape-fruit, or 
more than 6 cm. in diameter. In an occasional case there, were similar 
tumors in both breasts, and IS per cent of .these patients, either at the 
first examination or later, showed a similar condition in the other breast. 
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Fig. 3. — Duration of cases before operation: the relatively large number of 
benign cases of many years’ duration, and with only one cancer case present over 
so long a period of time as to suggest that there has been malignant change in an 
old benign tumor, should be noted. 


Location . — ^As a rule the tumor is in the central part of the breast, 
thirty-seven of the forty single or small tumors, with the location noted, 
being in this situation (fig. 5). In eight other cases it occupied the 
greater part of the breast, or there were multiple growths through the- 
gland. In forty-eight cases the site was located by quadrants and not 
with reference to nipple or periphery. 



810 


ARCHIVES OF SURGERY 



Fig. 14. — ^Area which on- gross examination was thought to be scirrhous car- 
cinoma: there is a dense fibrous tissue formation and embedded within it are 
certain more or less normal epithelial structures ; on one edge is a small tag of a 
papilloma. This picture, particularly in frozen sections, is easily confused with 
scirrhous carcinoma, and suggests an invasion of the structures about the cyst. 



Fig. 15.— Scirrhous carcinoma in a breast the scat of multiple papillomatous 
cy.cts : the definite walls to the benign cysts as contrasted witli the invasive nature of 
the m.'ilignant growth should be noted. 
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two obliterated. Here again these last two cases showed marked infec- 
tion (case not reported here and case 4). 

Skin . — ^The skin was normal in fifty cases, showed a sinus from rup- 
ture in three, was tense, thin or red over the tumor in five, and had dilated 
veins in one. There were slight changes, either dimpling, fixation or 


Benign Gr ou.p 



Fig. S. — Location of brea.st tumors: where noted, these are predominantly 
tumors of the central part of the breast, but occasionally in the benign group 
they are multiple throughout the gland ; in the malignant cases they are more fre- 
quently large enough to involve the greater part of the breast. 

suggestive pig-skin appearance in nine, definite dimpling in two cases. 
In one of these infection was apparent, but with the section which we 
have of the other no diagnosis as to infection can be made. No history 
is given. 
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present less than six years. This last patient gave a history of a slow 
growth over a period of eleven years. The mass was then incised, only 
bloody fluid being obtained, after which the classical picture of malig- 
nancy rapidly developed. Evidently the tumor had been benign for a 
considerable time. This patient on clinical examination, thirteen years 
after onset and two years after the incision, had unquestionably a 
carcinoma, and the radical amputation was performed. She returned 



Fig. 17. — Section of breast with extensive carcinoma, which is lying in close 
approximation to benign, intracystic papillomas. 


two years after operation with an ulcerated, local recurrence and this 
within a year caused her death. Figure 2 shows that in the cancer group 
there has been a gradual increase in the average duration of the growth 
for each decade since 1890. This is contrar}- to what would be expected 
in view of the extensive, recent educational propaganda. On closer 
study, however, it is seen tliat this rise is dependent on two cases (six 
and tliirteen years’ duration), one in each of the last two decades, and that 
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After the fluid had been evacuated the cysts were found to contain 
amounts of papillomatous growth varying from a small mulberry-like 
projection at one point in a large, smooth -walled cavity, to a cyst with 
a shaggy wall due to numerous, small papillomas, which occasionally 
completely filled the cyst. Ten patients were operated on for a bloody 
nipple discharge alone, and showed, either on gross or microscopic 
examination, a small papilloma projecting into a dilated duct. 



Fig. 7. — ^Benign papillomatous cyst with the papilloma almost filling the cyst 
and appearing as a solid growth. There are few points of attachment; the thick- 
ening of the wall at one place is due to the closely attached papillomatous growth. 
The entire freedom of invasion, the loose attachment of the wall to the surrounding 
tissue, and the location beneath the nipple should be noted. 


In a few cases, two of which are included in this series, there was a 
cauliflower-like growth projecting into the cyst. This clinically and 
at exploratory incision is often confused with the predominantly 
epithelial type of tumor. On microscopic examination, however, it 
showed the large projections to be the typical intracanalicular fibre- 
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DOUBTFUL GROUP BENIGN OR MALIGNANT ' 

A composite picture of this group is not given, since their character 
is a matter of uncertainty, and accordingly each case is given in detail 
under the report of cases. In reading over the records, I find nothing 
in any of the histories or examinations which could not well go with the 
benign group. Even the pathologic reports of “medullary carcinoma,” 
“adenocarcinoma” and “typical adenocarcinoma of the papillary type” can 
be duplicated several times in the early diagnoses, of cases now thought 
to be unquestionably benign. The case diagnosed as cancer without 
microscopic confirmation must unquestionably be placed as doubtful. 

My own feeling is that all of these cases were benign, and were they 
added to the benign group they would cause little change in that com- 
posite picture other than an increase in the number of patients sub- 
mitted to radical treatment, as well as in the number cured. 

Two patients are dead, one after three and one-half and the other 
after eight years, of causes other than cancer. Three patients are living 
and free from recurrence, two, four and thirteen years after operation. 
The removal of these, together with the many benign cases, from the 
malignant group, has so reduced the number of cases of cured cancer 
that in the remainder a poor prognosis must be given instead of the usual 
encouraging report based on their “relatively low grade of malignancy.” 

ULTIMATE RESULTS 

Benign Group . — Of the sixty-six out of ninety-five patients in this 
group who could be followed, not one showed any evidence of recur- 
rence. Nine are dead: one after one year, by suicide; one, after one 
year, of carcinoma of the cervix; one after two years, in an automobile 
accident; one after three years, of pulmonary tuberculosis; one after 
seven and one after eight years, both probably of cerebral hemorrhage. 
In addition, three who did not have any recurrence are said to be dead. 

Malignant Group. — 1. Of tlie ten patients in this group who showed 
metastases to the glands, one has recently died of recurrence three years 
after operation; six died of recurrence and metastases within five years: 
one died of some unknown cause one year after operation; two died of 
“pneumonia” and “heart trouble” after ten and twelve years, respectively. 

2. Of the nine patients without h-^mph gland metastases: for one 
there is no note: one died of streptococcal wound infection on the sec- 
ond day after operation; two died of metastases within one year after 
operation : one died of medullar}' carcinoma of the other breast (noted 
aliove with question as to malignancy) after seven years ; one died after 
four years, without recurrence (morphine addict) ; one died of pneu- 
monia. after six years, having had no recurrence; one died of some 
nnktiown cause six years after, and one is well seven years after, 
openition. 
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about the cyst, and over this a covering of from one to several la3^ers 
of epithelial cells, but usually a single layer of columnar epithelium 
(fig, 7 ). Often one could see clearly the delicately branching papilloma 
with the connective tissue covered with epithelium (fig. 8), while another 
common picture was a glandlike arrangement, with spaces lined with 
epithelium lying in the connective tissue (figs. 7 and 8). In still other 
areas the surface of the papilloma was covered with several layers of 



Fig. 9. — ^Higher magnification of a papillomatous growth, with some hemor- 
rhage between the papillae. There are many points of attachment of the growth, 
and at times it is difficult to follow the rather indefinite wall. Frequently, with the 
microscope one may become lost within this maze of growth, whereas with the 
dissecting lens or on gross examination a definite wall can be seen. 

epithelial cells, or with these growing to form solid masses almost free 
from connective tissue. About the cysts were noted various grades and 
kinds of epithelial proliferation or inflammatory reaction, small cysts with 
papillomas, solid duct adenomas (fig. 9), nonencapsulated adenomatous 
areas (fig. 10), cystic adenomas, or dilated ducts. Around these could 
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Summary of Cases 



Benign 


History 

Clinical Diagnosis: 

Benign 

Malignant (clinical or exploratory) 

Symptom ol Onset: 

Nipple discharge 

Tumor. 

Pain 

Summation of Symptoms (104 cases benign; 
24 malignant) 

Nipple discharge 

Tumor 

Pain 

Clinical Examination: 

Number single 

Number multiple 

Size: 

3 to 2 cm 

3 to 5 cm 

6 cm. + 

Consistancy: 

Soft, fluctuating, cystic 

Tense. 

Encapsulated, circumscribed 

Eirm, nodular, shotty 

Indurated 

Hard, bard like cancer 

Nipple: 

Normal 

Slightly retracted. . r. 

Protruded 

Betracted 

Skin: 

Normal 

Tense, red, ulcerated, sinus 

Slight change 

Dimpled 

Infiltrated; attached; pig-skin; metastases 

Dilated reins 

Mobility: 

Morable 

Attached 

Lymph Glands: 

Negative 

Palpable 

Hard, suggestive ol cancer 

Operation; 

Tumor 

Breast 

Complete lor cancer. 

Pathologic Examination: 

Number single. 

Number multiple 

Character: 

Cj’st with papilloma 

Cyst with papilloma and thick area 

in wall 

Cyst with invasion or cancer in wall.. . 
Cyst 'Wall: 

Not infiltrated 

Thick 

InfiUrntcd 

Cyst Fluid: 

Bloody 

Clear 

Other ty 3 )e. 

Lymph Glands: 

No glands removed 

Negative 

Metastases 

Ultimate Kesult: 

Numl»cr ol cases lollowc<l (03 benign and 

malignant) 

Living and wll. 1 to 22 years 

ivad, no recurrence. 1 to H years 

iv-ad. eau'c unknotrn. 1 to 13 years 

IVnil from cancer, 1 to 7 years 


0 bilateral operations = Malignant 

1(W cases) (24 cases) 


Number 

Per Cent 

Number 

* 

Per Cent 

61 

64 

1 

4 

34 

36 

21 

95 

47 

48 

.3 

12.5 

37 

38 

19 

79 

13 

13 

2 

8 

69 

66 

8 

.33 

85 

81 

24 

100 

43 

41 

16 

67 

62 

83 

18 

85 

13 

17 

3 

15 

‘23 

43 

2 
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had taken place. Even microscopically at times the outline was not 
absolutely definite (figs. 8, 9 and 13). 

A still more confusing picture was seen in a small percentage of 
cases that showed an area of hard, fibrous tissue, which grossly resem- 
bled scirrhous carcinoma, and which, microscopically, was found to be 
made up of dense, connective tissue or scar, scattered through which were 



Fig. 11. — Extensive epithelial hyperplasia in a breast that had never lactated 
from the same patient as figure 9. This tissue was cut through at operation, and 
there was no subsequent tumor formation. 


clumps of epithelial cells (fig. 13), On superficial inspection this had 
a structure similar to that of scirrhous carcinoma. However, on more 
careful examination the individual cells did not appear malignant, but 
were of uniform size, outline and staining reaction. No mitotic figures 
could be seen, and individually the cells suggested a benign, epithelial 
growth, probabh’^ breast acini and ducts that had been trapped or included 
in the scar tissue proliferation. So far as can be determined, we have no 
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We will dismiss as having received proper treatment this group of 
clinically malignant cases in which no mistaken diagnoses have been 
found, except for the occasional infected cyst that has been called cancer. 
There remain that larger number of cases that we consider to be clinically 
benign. In these there were frequently slight changes in the nipple, skin 
or lymph glands which were suggestive of malignancy, or the tumor itself 
was unusually firm or irregular for a benign lesion. These conditions 
are considered below, and explanations as to their causation are offered 
which, if accepted, make it evident that such slight changes have to be 
discounted in this type of tumor. A careful analysis of the mistaken 
diagnoses in this series shows that the clinical impression of malignancy 
has been founded on the bloody discharge and on the slight changes in 
the skin, nipple and axillarj^ glands, together with the consistency of the 
tumor. Or, more frequently, the deciding factor has been the gross 
or microscopic examination at the time of exploration. Surgeons have 
come to look on blood in a cyst as evidence of cancer, but the foregoing 
data seem sufficient to justify us in ignoring the cyst contents and in 
emphasizing the importance of a careful study of the attachment of the 
wall to the surrounding structures. We are justified in treating the tumor 
as benign if the wall is freely movable over the adjacent tissue and there 
is no evidence of invasion. 

In addition to the explanations of these observations which are 
offered below, we shall compare or contrast the benign and malignant 
groups, as well as correlate the data obtained from this study with the 
reported cases, more particularly the larger series found in the literature. 

Affe . — Intracystic papillomatous tumors of the breast are usually 
considered to belong to middle or advanced age ; Deaver and McFarland 
state that they usually occur in the breast of women who have passed 
the menopause, and give the average age in their cases as 46.6 years. In 
the cases reported by Warren the average age was 52; in those of 
Greenough and Simmons it was 49.5, while in the compiled cases of 
Williams it was 43. In this series the mean age was 42, with sixty 
of the cases in patients less than 45, while eight occurred in women less 
than 25 years of age (fig 1). 

In the cancer group all our patients were more than 35 3 'ears of age. 
However, in the doubtful group there was one patient )''ounger— only 27 . 
This, together with the fact that cancer of the breast occurring before 
25 years of age is a most unusual condition, would justify treating a 
definite number of these cases as benign, unless they are unquestionabl}’ 
malignant. Despite the age of the patients, however, in some the diag- 
nosis of cancer has been made and they have been submitted to radical 
treatment. The most striking case occurred in a girl whose first trouble 
— a blood}' discharge from the left nipple — came on at the ace of IS. 
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€xtension of the inflammatory reaction into them, a condition quite 
evident in the microscopic sections. These are the cases which clinically 
gave the picture of cancer, and in which at exploratory incision it was 
impossible to rule out malignancy owing to the induration and fibrous 
tissue reaction which prevented an intelligent selection of areas for 
examination, since everything was suggestive. With this clinical picture 
the radical operation has been, and probably will continue to be, per- 
formed. The pathologist, however, with sufficient time to study many 



Fig. 13. — ^Hemorrhage into the C 3 'st and adjacent tissue: about the cyst are 
numerous phagocj'tic cells filled with old blood pigment ; they are located in a scar 
due to the marked proliferation of connective tissue cells. 


sections can make a diagnosis of a benign tumor, so that the patient can 
be reassured as to the outlook. 


MALIGNANT GROUP; COMPOSITE PICTURE 

The study of this group is based on twenty-four cases. 

The malignant cases have shown clinicalty, grossly and micro- 
scopically characteristic and well defined carcinomas (figs. 14, 15, 16 
and 17). Of the twenty-four cases, twenty-one were diagnosed clinically 
as malignant, two as doubtful, and one as benign. The latter three 
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Ten of our patients were operated on for this alone and grossly or micro- 
scopically there were one or more small cysts with papillomas. Quite a 
few of this series have shown, after operation, a bloody discharge from 
the nipple of the same or opposite breast, but have had no further treat- 
ment, and none have developed cancer. 

Bloodgood in working up the significance of a bloody nipple dis- 
charge found cancer in about 1 per cent of cases. Furthermore, I think 
it will be generally conceded that the discharge in the majority of cases 
is dependent on the presence of a papillomatous cyst. This is one argu- 
ment against the acceptance of a bloody discharge alone as indicative of 
malignancy. Other strong arguments are the observations in this group 
of cases, namely: (1) that 48 per cent of the benign and only 12 per 
cent of the cancer cases have a nipple discharge, which usually is bloody, 
as the symptom of onset; (2) that 66 per cent of the benign cases, as 
contrasted with 33 per cent of the cancer cases, at some time showed this 
nipple discharge; (3) no case of cancer showed nipple discharge unless 
tumor was palpable. A bloody nipple discharge, however, is held by 
Delbet and Mintz (cited by Ewing) as a sign of probable malignant 
degeneration. 

One interesting section that recently came under our observation 
was from shreds given off with the bloody discharge, and showed the 
typical papillomatous arrangement. A diagnosis of a papillomatous cyst 
was made, but as it is not known whether or not this patient has had 
an operation since that time, the case is not included in this series. 

Pain. — ^It is pain that brings the patient earliest for operation, this 
having a much shorter duration as a symptom than the tumor or nipple 
discharge (fig. 4). This is all the more striking when one considers 
that it is such a variable condition, frequently present only when there is 
a cessation of tlie discharge, and usually is not severe. It was present in 
one half of Greenough and Simmons’ cases and in one third of the 
compiled cases of Deaver and McFarland, and was never severe. In 
other reports it is stated that pain is quite rare. In our cases there is a 
higher percentage of pain in the malignant group, in 67 per cent, as 
contrasted with 41 per cent in the benign group. 

Location . — It can be assumed, as in the literature, that these tumors 
lie in dilated ducts, or that the cysts arise from dilation of the ducts, 
since a large percentage of them have direct connection with the surface 
through the duct opening at the nipple. Furthermore, in one of our cases 
and in one of those of Greenough and Simmons, a microscopic section 
shows the duct continuous from the C3’st to the surface of the nipple. 
On microscopic study these cysts are frequently lined with columnar 
duct epithelium (fig. 7), so that it can be readily understood that they 
arc prcdominanth' tumors of the central part of the breast. In several 

13. Bloodgood, J. C: Surg. Gynec. Obst. 3:721, 1906. 
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were diagnosed pathologically as cancer, cind in the last, despite this 
diagnosis, the axillary dissection was not made until nine months later 
when the lymph glands were found replaced by a large, carcinomatous 
mass. 

The age of onset in the malignant cases is shown in fig. 1 to lie 
between 35 and 71, but it should be noted that in one of the cases 
classed as suggestive of malignancy the patient was 27 years old. In 



Fig. 16. — Medullary carcinoma located in a breast the seat of multiple small 
papillomatous cysts: the retracted nipple, thickened edematous skin, with a pig- 
skin appearance, the soft cellular growth, with invasive properties and the numer- 
ous, small, blood cj'sts should be noted. 

the predominance of cases the age is between 40 and 60, with the 
mean at 51. 

The symptoms of onset were a lump in nineteen cases, nipple dis- 
charge in three and pain in two. 

From figs. 3 and 4 it can be seen that most of the cases were of less 
than three years’ duration, and in all except one the tumor had been 
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tion. There was no suggestion of a tumor either in the right breast from which 
there had been recent bloody discharge, or in the left breast in which a tumor 
had been present for a few weeks in 1914, and had disappeared. 

Oct. 8, 1924. The patient wrote as follows: “There has been a bloody dis- 
charge from the right nipple since the first of the year, but without a palpable 
tumor. On five or six occasions there has been a dull pain through the breast, 
but at these times I have realized that the discharge had been obstructed by a bit 
of cotton adhering to the opening. If I express the discharge it becomes bloody 
after the first few drops.” She felt that there was no urgency at that time, since, 
if the cyst kept discharging, it would cause no harm except to her clothes, but 
that, in case the discharge should cease while there was inflammation in the ducts 
a cyst would form, and have to be cut out. She cited her previous experience 
as justification for this opinion. 

With only the palpable tumor and the adjacent breast tissue removed, 
one must expect that similar tumors or a bloody discharge will develop 
in a certain number of cases. In our series, even with the entire breast 
removed in 78 per cent of the cases, 15 per cent of the patients had 
further tumors or nipple discharge on the same or opposite side. 

This is contrary to Ewing’s opinion thatthe tumors are usually single, 
occasionally multiple, and rarely bilateral. Deaver and McFarland also 
state that they are almost invariably single, but go on to describe them 
as irregular in outline and having a consistency varying in different 
areas. This we have found to be due to multiple, small, closely located 
tumors. Bowlby and Morton (cited by Deaver and McFarland) each 
give a case of recurrence. Greenough and Simmons have two cases 
recurring (six and eighteen montlis) after operation. It seems to us. 
that these “recurrences” have more probably been the result of the 
growth of other small tumors which had been left behind. In the 15 
per cent of our benign cases in which there was further trouble, the 
second tumor has not necessarily or usually been in the scar from the 
excision of the first tumor ; frequently it has been in the opposite breast. 

Nipple Change . — ^The changes in the nipple in the benign group — in 
the twelve cases with slight retraction and in some of the eight cases 
with more marked retraction — can be easily explained by the location of 
the tumor. The nipple changes have to be discounted with tumors 
located, as these are, beneath the areola, since the mechanical pressure 
on the ducts with the resultant displacement causes a tugging on the 
points of their attachment. Since tliey converge to the nipple where 
they are attached and this part of the breast is quite mobile, it is drawn in 
according to the amount of shortening caused by the displacement of 
the middle portion of the ducts. Furthermore, if the tumor involves 
the duct itself, this pull is the more easily understood. In a recent case 
with a single, superficial cyst, without a papillomatous tumor, in each 
breast near the nipple one could slide either of the freely movable tumors 
alf»ng beneath the skin and cause a complete inversion of the correspond- 
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if these are eliminated there is a gradual fall as is shown by the dotted 
line. The results of educating the public is better illustrated by the 
curve for the benign group. This consists of a much larger number of 
cases, and in consequence the data gained therefrom are more apt to 
be correct. 

Nipple discharge was not such a frequent occurrence as with the 
benign group, occurring in only eight of the twenty-four cases, whereas 
a tumor was palpable in all (fig. 4). 

In 60 per cent of the cases the tumor was 6 cm. or more in diameter, 
in the majority considerably larger, a condition which we would not 
expect to find at the present time. 

In 65 per cent it was likewise noted as being hard, or “hard, like 
cancer.” The nipple was retracted or showed fixation in fourteen out 
of the twenty cases noted. Skin changes were present in 75 per cent of 
the cases, and in 75 per cent there were enlarged axillar}’- glands, two- 
thirds of which were clinically malignant on palpation. 

Pathologic Examhiaiiou . — ^This group showed predominantly single 
tumors, the majority having areas in the wall suggestive of cancer, with 
sixteen cases noted as “invaded” or with cancer in the wall, four as 
having thick walls, and with only one as not invaded. In this last case 
there were no metastases to the glands, and the gross description would 
suggest a benign tumor. It was described as a large cyst, with papil- 
lomatous projections, but with no invasion beyond the cyst wall. There 
was no local recurrence after radical removal, but five years later the 
patient came back with medullary carcinoma of the other breast, and 
with involvement of all the corresponding axillary glands. Her death 
was caused by metastatic carcinoma two years after the radical removal 
of this breast. From the sections whicli we have from this patient we 
have to call the first tumor cancer, though it is possible that these were 
taken from the intrac)'stic gro\vth, that the tumor of the other 
breast was a new development, and that this patient was cured of the 
first tumor. Of the cases with notes 55 per cent showed metastases to 
the axillary glands. 

In all these cases except the one cited above, definite and well marked 
cancer with invasion was apparent (figs. 14, 15, 16 and 17), a picture that 
is not confusing in any way. A study of the sections shows that the cells 
very markedly in size, outline and staining reaction, that mitotic figures 
are abundant, and that the picture is that of typical cancer. It is entirely 
different from the pictures noted under the benign group, about which 
pathologists will disagree on a considerable number of cases. However, 
in tliese same breasts one very often sees some picture that was noted 
above under the group of benign papillomatous tysts, and these may, or 
may not, be in intimate association wdth the cancer (figs. 14, 15, 16 
and 17). 
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group were diagnosed as having metastases into the adjacent lymph 
nodes, and on pathologic examination it was found that in 55 per cent 
of all cases the axillary glands were grossly and microscopically involved. 

This high percentage of lymph gland involvement tends to strengthen 
our impression that many of the tumors heretofore reported as cancer 
are benign, since it is a strongly established opinion that the lymph nodes 
are involved only late in this type of so-called malignancy. Very few of 
the cases reported as cancer have shown it. Ewing states that the lymph 
nodes have a prolonged immunity. Bloodgood’s report in' Gynecology 
and Abdominal Surgery by Kelly and Noble is based on eighteen benign 
and fourteen malignant cases. Five out of six of the latter patients 
remained well. Only one of these had lymph gland involvement, and in 
several of the cases the diagnosis has since been changed to benign. 

Infection . — ^We find infection to be fairly common, but it is not men- 
tioned in the literature of these cases so far as we have been able to 
determine. It has been clearly shown in the foregoing that infection 
can give the clinical picture of malignancy and these breasts will have 
to be sacrificed. For anyone who has tried to keep a draining sinus 
sterile, it is easy to understand the possibility of a high percentage of 
infection in these cysts. They are filled with a good culture medium, 
frequently there is a large dead space, with intermittent or slow discharge, 
and practically no attempt at asepsis. Fortunately, in most cases it is a 
very low grade affair, with a chronic inflammatory reaction, showing 
on microscopic examination, round-cell infiltration, with a few scattered 
polymorphonuclear cells. However, four of these cysts had ruptured,- 
one on three occasions, and three patients came in with a draining sinus 
through the skin away from the nipple. Another case, diagnosed as 
abscess, showed all the signs and symptoms of acute inflammation, and 
the papillomas were discovered only on pathologic examination. One of 
these patients had intermittent attacks of conjunctivitis, and the organ- 
ism, an unclassified bacillus grown from the nipple discharge, was found 
to be identical with what was apparently the etiologic agent in the eye 
condition. 

Here it should be noted that we have no record of a patient with cancer 
coming in with a draining sinus. In the early cases a fairly large number 
showed ulceration and even now an occasional patient comes in with this 
condition. Of course one of these cysts, with an associated cancer or 
possible malignant degeneration, would be liable to develop a sinus from 
the rupture of the cyst, but we have not met with such an instance. 

Pathologic Ohscj-z’atiovs. — ^Associated with these tumors there is 
often an extensive epithelial hyperplasia which may assume one or more 

14. lUoodgfK^d. J. C., cited by Kelly and Xoble in Gynccotogj- and Abdominal 
SurRcry, Philadelphia. W. B. Saunders Company, 1908, vol. 2, p. 194. 
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3. Of the four patients with no note on the glands: two died of 
metastases one year after operation; one had had no recurrence after ten 
years and died of some unknown cause thirteen years after operation, 
and the other patient could not be followed. 



Fig. 18. — Carcinoma, papillomatous rysts and intracanalicular fibro-adenoma 
located in the same breast and in such proximity that all can be seen under one 
field of the microscope. 

Doubtful Group . — No patients died of cancer or showed evidence of 
recurrence. 

From this and from figure 18 it can be seen that among the benign 
cases there is no evidence of any patient having had a recurrence, while 
of the malignant group : twelve patients have died of recurrence, three 
of other causes and two of some cause not stated, during the period of 
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nant case we have of more than from five to six years’ duration, and with 
a history suggestive of a cancer developing in a benign tumor. How- 
ever, this is not such a high percentage of malignant change as one is led 
to expect from a study of the literature. Certain facts strongly suggest 
that the malignant cases, with the exception of the one referred to, were 
cancer from the onset. These facts are: (1) In fifteen of the twent)^- 
one cases of cancer in which the duration is known, the patients came to 
operation within two years of the onset (fig. 3) ; (2) in only two cases 
was there a history of more than five years’ duration (six and thirteen 
years, the latter case previously noted), and (3) in only 38 per cent of 
the benign group, with an average duration of 3.3 years, the tumors were 
6 cm. or more in diameter, while in 70 per cent of the cancer group they 
had reached this size after an average duration of only 2.5 years. 

Comparhon of the Impression Based on a Clinical Study with That 
Made at the Time of Actual Examination . — From a study of the records 
of these cases, we find that in the cancer group there have been relatively 
few mistakes clinically and none pathologically. If the cases with marked 
infection are removed from the benign group, none of them gave a 
definite picture of malignancy. Certain cases were noted as suggestive 
of malignancy, but in reading over the histories and physical examina- 
tions in view of this study, we find that the impression has been based 
on such things as slight changes in the nipple, the firm, lumpy or nodular 
character of the tumor, the bloody nipple discharge, and so forth, which 
must be discounted, as is here explained. With this in mind, the find- 
ings are almost entirely more those of a benign than of a malignant 
tumor. The mistakes in the majoritj’’ of cases have been due to the 
exploratory incision; the surgeon, finding bloody fluid or a papilloma, 
has immediately closed the incision and performed the more radical 
operation. At the present time, owing to the fact that all superficial 
tumors come earlier under observation, and because of the greater 
difficult}’ in diagnosing cancer at this stage, it is imperative that every 
definite nodule in the breast should be removed. This, from the patient’s 
standpoint, puts the ultimate diagnosis up to the surgeon at the time he 
removes the tumor. He should have the pathologic picture of this tumor 
in mind whenever he makes an exploratory operation. 

Ultimate Results as Proof of the Con-ectness of This Division into 
Two Groups . — ^In conclusion, it seems that the ultimate results (fig. 18) 
offer sufficient proof that our division into these two groups is in the 
main correct. Our cancer group with 50 per cent of the patients dead 
as a result of recurrence or metastases. three dead from other causes 
during the period of probable recurrence, two dead during this period 
from causes not stated, and with only three patients living at the 
present time. one. four and seven years after operation, is in marked 
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probable recurrence ; three patients lived ten, twelve and thirteen years, 
respectively, while three patients are living and well one, four and seven 
years after operation. 


EXPLANATION OF TABLE 

The accompanying table covers the entire data in this article. Under 
both the benign and the malignant group is given in one column the num- 
ber of cases, and in the other the percentages ; the latter, according to 
the suggestion of Dr. Raymond Pearl, are based on the actual number 
of cases for which we have a definite note. Tliis in genex'al causes the 
percentages to be based on a summation of the figures in the first column 
for each major division. An exception to this is for the summation of 
the symptoms of tumor, nipple discharge and pain, in which the symp- 
toms overlap, and the percentage is necessarily based on the total num- 
ber of cases, since all the patients complained of one or more of these 
symptoms. 

COMMENT 

From our own records and from the literature it is evident that 
cases belonging to the benign group of these tumors have been most 
frequently misinterpreted and as a result a large percentage of the 
patients have been subjected to an operation more extensive than is 
justifiable except for malignancy. In the majority of cases this has 
followed either the excision of the tumor or an exploratory incision, 
since the lesions were clinically benign or only suggestive of malignancy. 
The more radical operative procedure has been based on the finding of 
a cyst filled with bloody fluid, and with a soft, friable, papillomatous 
tumor attached to the wall. Without further thought the surgeon has 
closed the wound and performed the radical operation or, being in doubt, 
has been content with tliat unjustifiable, halfway procedure of removal 
of the breast alone. The latter operation is evidently not radical enough 
for cancer but is too extensive for a benign lesion, save in the occasional 
case in which one or multiple tumors almost replace the breast. 

There was one group of patients who gave the clinical picture of 
malignancy and who were submitted to the radical operation without 
exploration. This included a large part of the cancer group, and also 
those cases showing the more severe grades of infection. These benign 
tumors associated with extensive infection were the only ones of the 
simple papillomatous cysts that were clinically malignant. Since it was 
almost impossible to rule out cancer in these cases in which the breast 
contained large, cystic tumors associated with the superimposed infection 
that had produced an induration, thickening of the wall and adherence to 
the surrounding tissues, they had to be treated as cancer. 
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rounding tissues. In short, this was a case of a very small primary cancer 
growth, associated with benign tumors, and with extensive invasion of 
the lymph channels of the breast. The axillary dissection was performed 
soon afterward ; the sections showed early involvement of all the adjacent 
lymph glands, with the lymphatics along the small vessels in the axillary 
fat plugged with tumor cells. In this case the operator’s first and clinical 
impression of cancer was entirely overruled by a pathologic report from 
the examination of a small nodule not intimately associated with the 
true and really important tumor. On the other hand, when a careful 
gross examination shows a thin wall to a papillomatous cyst, ' freely 
movable over the surrounding structures, with no evidence of invasion at 
the attachments of the pedicles (figs. 6 and 7), the condition may be 
treated as benign regardless of what report the pathologist may make 
from an examination of the papilloma alone. 

If a diagnosis of malignancy is made at exploratoiy excision, the 
wound should be cauterized and the complete operation immediately 
performed. If there is any doubt, the patient should have the benefit 
of the radical operation. 

There will be a small number of cases that will present the earmarks 
of malignancy, and in these the complete operation is indicated. Some 
of these will prove to be cancer, but others will show infection of a 
benign papillomatous cyst. In the latter group exploratioA is practically 
useless, since the picture is so distorted, both grossly and microscopically, 
that the operator would probably still be in doubt unless he relied on the 
report based on a study of sections made from a block taken at random — 
a report that would be worse than futile. 

Here it should be urged that after any examination of a gross 
specimen, particularly in the case of the papillomatous cyst, aseptic pre- 
cautions should always be preserved. Since the most important thing 
is the examination of the specimen for diagnosis, and since this respon- 
sibility lies on the operator, it would be better for him either to drop out 
and have the wound closed by an assistant, or else after the examination 
of the specimen to change his gown and gloves. This is imperative, both 
because a soft, friable papilloma could be easily transplanted, and also 
because these cysts, connected with the surface by a duct, with a constant 
or intennittent discharge of contents, are particularty prone to infection, 
which, if transferred to the wound, would cause a breaking down of 
the incision. 

SUMMARY 

Benign Group. — ^The^benign papillomatous cyst is a distinct type of 
tumor, presenting a fairly uniform histor}’ and physical findings. A 
nipple discharge, usually filood\% occurred in 66 per cent of these cases. 
This tumor sometimes gives a nipple discharge without a palpable nodule. 
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three j'ears after the onset of menstruation. This ceased after a short 
time and a lump appeared, which gradually increased in size and was 
painful. We have no record as to the size the tumor reached, but the 
sections show extensive epithelial hyperplasia throughout the gland. 
Only the breast was removed, one year after onset, the patient being then 
16 years of age. In 1923 the patient, then 17, returned with a bloody 
discharge from the right breast and some little nodules in the skin of 
the left chest. The right breast was removed in June, and three weeks 
later the tissues about the scar on the left chest and the left axillarj’’ 
glands. This last operation was performed because of the gross diag- 
nosis of cancer and a microscopic report of papillary adenocarcinoma 
of the breast. The l}Tnph glands were not implicated and unfortunately 
the skin nodules were lost, so that their character could not be deter- 
mined. The case was diagnosed b}*^ us as multiple, benign, papillomatous 
cysts, and by Ewing as papillar)' cystadenoma. We feel that the exten- 
siveness of the condition demanded removal of the breasts, but that the 
radical removal of the tissues from the left chest wall and the axillary 
dissection were not indicated. The burden of proof would certainly 
rest on the person who makes a diagnosis of cancer of the breast in a 
person of this age. 

Variation in Size of the Tumor . — Mention is made in the literature 
of the variation in size. Bowlby reported a case of spontaneous cure, 
which we interpret as meaning that the tumor disappeared. Williams * 
mentions a tumor which suddenly appeared beneath the nipple with a 
cessation of the discharge. This case is also cited by Deaver and McFar- 
land. Greenough and Simmons ® state that in some cases pressure caused 
a discharge from the nipple with a decrease in size and softening of the 
consistency of the lump. Such a discharge is of fairlj' frequent occur- 
rence, and, when this history can be obtained, is suggestive of a cyst. 
Decrease in size associated with a nipple discharge and enlargement of 
the tumor when the discharge ceases means that we have a cyst con- 
nected with a duct. This condition is most frequently seen in the papil- 
lomatous cysts, and if the discharge is bloody, it is almost pathognomonic. 
A recent exception to this was a case of colloid carcinoma that involved 
the entire breast, with a breaking down and destruction of all the tissue 
up to the nipple. 

Discharge from the Nipple . — ^The discharge needs no explanation 
when the cyst is formed by a dilatation of the ducts, and here, as with 
papillomas elsewhere, bleeding is the rule. The tj-pe of discharge some- 
times varies from clear or amber to bloody, probably dependent on 
trauma to the tumor. Here it should be urged that a bloody discharge 
from the nipple, with no other clinical conditions, should demand close 
obsen'ation, but should not be considered an indication for operation. 


12. Bowlby, A.: St. Bartholomew’s Hosp. Rep. 24:263-272, 1888. 
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Size : The tumor was large in a much higher percentage (70 per cent) 
of cases than in the benign group (38 per cent) despite their much 
shorter average duration. 

Infection : These cystic tumors with a slow or intermittent discharge 
are very prone to infection. This in the benign cases may give the 
clinical picture of malignancy with lymph gland enlargement. 

Pain: There was pain in 41 per cent of the benign and in 67 per 
cent of the malignant cases. This symptom brings the patient earlier 
for operation than tumor or nipple discharge. 

Radical Treatment in the Past; In an unusually large number of 
cases of the benign group the patients have been submitted to radical 
treatment — 40 per cent to amputation of the breast and 38 per 'cent to 
the radical operation with removal of the pectoral muscles and axillary 
contents for cancer. Most of the diagnoses of “cancer” or “suspicious 
of cancer” have been made at exploratory incision. 

Removal of the Breast Only: This operation for a case “suggestive 
of cancer” is unjustifiable, being too little for cancer and too much for a 
benign tumor not involving the greater part of the gland. 

Diagnosis : Clinical observation is conducive to more accurate diag- 
nosis than is exploratory examination. The character and attachment 
of the cyst wall and pedicle of the papilloma are a more reliable aid in 
the diagnosis of malignancy than the cyst contents. 

At the present time, since the patients come under observation earlier, 
making the diagnosis of malignancy more difficult, one is more apt to 
find cancer at the exploratory excision. The tumor should be excised 
and then thoroughly examined rather than explored. 

Ultimate Results : Of the benign group 65 per cent of the patients 
were followed for from one to twenty-two years and none developed 
cancer. This, together with the fact that a large percentage of the 
patients who suffered from malignancy, died of recurrence, is offered as 
proof of the correctness of this division into two groups. 

The malignant tumor is not cancer of a relatively low grade of 
malignancy. This impression has been founded on a study of cases of 
the benign tumor incorrectly diagnosed and placed with the cancel group. 

KEPORT OF CASES 

For those who desire to study this question critically the following 
report of cases may prove helpful. 

Group /. — Four cases have been removed from the malignant to the 
benign group, and thought to have been unquestionably diagnosed 
wrongly at first. In addition to these, so many other cases have pre- 
viously been reclassified as benign, and tlie original mistakes in diagnosis 
at the pre.'^ent time are so evident, that to print reports of all these 
bccome.c superfluous. 
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cases reported in the literature the papilloma has projected from the 
nipple and has reappeared when cut off or cauterized. We have one 
section through a duct just at the nipple showing stratified squamous 
epithelium on one side and the papilloma arising from the adjacent duct 
epithelium (fig. 11), while in another case die growtli was located entirely 
within die nipple. 

Multiple Tumors . — From the accompanying table it is seen that 
these tumors are frequendy multiple, particular!)* on patiiologic exami- 
nation. But if there were added to this table all the cases which showed 
in microscopic section the small papillomatous cysts about the larger 
tumor, the nine patients who at a later time underwent an operation for 
a similar tumor and the half dozen or more patients who had a subse- 
quent bloody nipple discharge, almost undoubtedly due to a similar 
small papillomatous cyst, it would be evident that this is definitely a 
condition with a tendency to multiple separate tumors. This is well 
illustrated by the followng cases. 

REPORT OF CASES 

Case 1. — History. — C. F. Jil., a woman, aged 34, a few days before admission 
noted a bloody discharge from the left nipple, and her physician found two lumps. 
Examination in the Johns Hopkins Hospital dispensary showed two lumps in the 
left and one in the right breast, all freely movable, not adherent, encapsulated, 
nonfluctuant and located near the nipple. 

Gross Pathologic E.raimnatiou . — ^Nodules ruptured during removal, with dis- 
charge of a chocolate colored, cellular material, said to be “suspicious of malig- 
nanc 3 '.” Accordingly, the lower, outer quadrant of the left breast, including the 
tumor area, was excised. (No note was made on the treatment of the tumor of 
the right breast.) Numerous cystlike nodules varjung in size from a pinhead to 
1 cm. in diameter could be felt; not all of these were removed. On section they 
were found to contain a chocolate colored fluid and cellular detritus similar to 
that found in the larger nodules. 

Alicroscopic examination showed multiple intracystic papillomas. 

The patient has been well since the operation in 1915. 

Case 2. — ^This patient is a physician and has kept a close obser^-ation on her 
breasts since onset. Our records show the following: 

1909. Bloody discharge from the right nipple; no tumor. Patient placed 
under obser\*ation, but no operation. 

April 23, 1913. Excision of a benign papillomatous cyst from the right breast 
was performed. The discliarge had ceased about six months before, and following 
this the lump had appeared. Microscopic e.xamination of the tumor showed the 
papilloma with a fine connective tissue stroma and a definite wall about the cyst. 
Outside the larger cyst there were other small papillomatous cysts, and lobules of 
breast tissue showing mastitis. 

Jan. 24, 1914. The patient reported that there had recently been a palpable 
tumor in the left breast, but this had disappeared after being present for a few 
weeks. 

April, 1917. Three months previously there had been a bloody discliarge from 
the right nipple lasting a few weeks. Examination showed that both breasts were 
symmetrical and soft, the right breast showing the scar from the previous opera- 



832 


ARCHIVES OF SURGERY 


watery discharge from the nipple began six weeks before admission; there had 
been some pain since. Ulceration had been present for three weeks. 

The nipple had entirely disappeared. An area of skin 8 cm. in diameter over 
the tumor was purplish, red, thin and adherent and ulcerated at the most forward 
point. Beneath this was a hard, irregular, nodular mass with a cystic center. 
From the sinus exuded a purulent discharge with white flakes of broken down 
“carcinoma.” The remainder of this breast and the other breast were normal. 
There was a hard, freely movable lymph gland the size of a chestnut in the 
lower axilla. Clinically, the case was malignant. 

The breast only was removed on account of the age of the patient, and the 
extensiveness of the condition. 

Pathologically, the mass was definitely encapsulated, and there were numerous 
papillomatous growths in the cyst. Microscopic examination showed benign 
papillomas, infection, and what at that time was considered as adenocarcinoma. 
This area we now consider as a benign, cystic adenoma. 

It has been impossible to trace this- patient. 

Group II . — Instead of an attempt to make a composite picture of an 
indefinite classification, the five cases in which the diagnosis is doubtful 
are given so that they can be read in detail. Certainly most of these 
cases are benign, since in general when pathologists disagree or are 
uncertain about malignancy the clinical course is more that of a benign 
condition. 

Case S. — W. F. S., a woman, aged 47, had a tumor of the left breast of one 
year’s duration, which had a bloody discharge from the nipple for eighteen 
months. No pain was felt, the tumor was irregular, nodular, the size of a 
chestnut, with dimpled skin and nipple elevated. A complete operation for cancer 
was done. 

Pathologic examination showed a tumor about the size of a twenty-five cent 
piece, with remains of a cyst wall and suggesting infiltration in places. The 
tumor had the appearance of hemorrhagic medullary carcinoma, with the hardness 
of cancer. Microscopically it was said to be medullary carcinoma with minute 
cyst formation. The tumor was circumscribed. In some places it had a definite 
papillomatous arrangement. The glands showed no metastases. 

To me this is definitely not medullary carcinoma, and I would call it benign. 
Bloodgood calls it a borderline group tumor. 

The patient is well at present, two years after operation. 

Case 6. — ^^V. F. M., a woman, aged 44, had a tumor present for six months, 
which rapidly enlarged to the size of a small orange, subsided under local appli- 
cations with relief of the pain present during the distention. There was an asso- 
ciated discharge from the nipple. 

Examination showed a nodule 2.5 inches (6.2 cm.) in diameter just above and 
to the outer side of the nipple. It had the hardness and irregularity of cancer, 
with slight atrophy of the subcutaneous fat. A complete operation for cancer 
was done. 

Pathologic examination showed a cyst with smooth walls except for a thicken- 
ing in the wall toward the nipple suggesting medullary carcinoma or adenocarci- 
noma. or possibly the base of a papilloma: but if the latter, the papilloma had 
flisappcarcd. Microscopically it was said to be “typical of the adenocarcinoma of 
the p.apillary type.” The lymph glands were negative. 
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ihg nipple. At operation these tumors were found to be cystic and 
connected to the nipple by a definite cord, suggesting a duct, but no 
fluid could be expressed. It is evident that if in these cases one tests 
the nipples b)'^ lifting them, there vascy readily be found a certain amount 
of fixation. Some of the patients with retraction showed infection, and 
one had had the nipple retracted since the birth of her first child, sixteen 
years before. In t^vo cases with the nipple obliterated, in addition to 
the tumor there was a marked inflammatory reaction. 

According to Deaver and McFarland, the nipple is never inverted in 
uncomplicated cases. They cite, however, a case with the growth beneath, 
and with part of the papilloma projecting from the nipple and causing 
inversion. Ewing states that the nipple may be retracted. 

Consistency . — ^The malignant group showed in general the consistency 
of cancer. Of the seven cases in our benign group in which the tumor 
was noted as indurated, four showed infection. The three remaining, 
together with the thirty-three noted as firm, nodular or shotty, can be 
easily explained by anyone who has felt a tense cyst in the breast, if he 
but imagine this surrounded by multiple small tumors of a similar 
character, which are usually found on pathologic examination. The two 
cases noted as “hard, like cancer” both showed infection. Greenough 
and Simmons state that they are hard if tensely filled with fluid. Deaver 
and McFarland state that they are generally irregular, lobular or lumpy, 
the majority giving the impression of solid tumors. 

Mobility . — Only one of the benign group showed attachment and in 
this case there had been an extensive infection, and the mass had rup- 
tured before the patient came under observation. In about half the 
malignant group in which a note was made on mobility, the tumors were 
attached. Where noted in the literature these tumors, whether diag- 
nosed as benign or malignant, were freely movable except in occasional 
cases, which from the history and findings suggest cancer. 

Lymph Glands . — ^The lymph glands were essentially negative in the 
benign group except in one case with marked infection, in which the 
glands are recorded as “hard, like cancer.” Despite the clinical diagnosis 
of malignancy, on account of the age and feebleness of the patient, only 
the breast was removed. The existence of a benign papillomatous cyst 
with infection is now generally recognized. Unfortunately, we have 
been unable to trace tliis patient, she having been treated in the early 
days of the hospital. In nine cases the glands are recorded as palpable, 
but frequently with the note that the}' are not hard, like cancer, and 
wherever the glands were studied patliologically they showed no metas- 
tases. When one considers the number of these cases with infection, it 
is surprising that not more of these patients had enlargement of the 
axillary lymph glands. On the other hand. 50 per cent of the malignant 
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Pathologic examination showed a cyst with an intracystic papilloma. ‘ It was 
diagnosed as malignant, though there was no microscopic evidence to confirm this. 

The patient died three and one-half years later. A note was made that death 
was not due to cancer and that there had been no return of the trouble. 

Group III . — ^The two cases of intracanalicular fibro-adenoma ran a 
clinical course similar to that of true papilloma, and on casual gross 
examination could well be confused with it. They have likewise been 
classified with this type of tumor, present the same problems, and in 
both of these cases malignancy was originally diagnosed. 

Case 10. — The revised diagnosis in this case was intracanalicular myxoma 
growing in a cyst and suggesting an intracystic papilloma. The first diagnosis 
had been a benign growth of the breast, a papillomatous cyst of the intracanalicu- 
lar type. The adenomatous part showed carcinoma. (The “carcinoma” was after- 
ward erased and “benign” written over it.) 

W. F. S., a woman, aged 26, had a tumor which was first observed eight years 
before admission, when the patient was 18 years of age. With the first pregnancy 
eighteen months before admission, this breast secreted no milk but there was a 
more rapid growth of the tumor. Her second pregnancy was of seven months’ 
duration, and the tumor had grown quite rapidly during this time. Four months 
before admission a sinus formed, which was thought to be tuberculous. The 
entire breast was removed without axillary dissection. No note was made as to 
the discharge from the nipple, but the cyst did not contain blood after the operation. 

Pathologic examination showed a sinus in the skin, leading down to the 
cystic cavity, which had a smooth wall and contained a papilloma, nodular in 
type, about the size of an orange, and having the appearance of the intracystic 
growth of an intracanalicular myxoma. There was no infiltration beyond the 
wall. 

Microscopically areas with irregular cells were seen and some cellular areas 
which might be suggestive of early malignancy. A note by Bloodgood later 
stated that this area marked "suspicious of malignancy” showed distortion due to 
a chronic inflammatory reaction and was benign. Study at the present time shows 
a tj^pical intracranalicular myxoma with a chronic inflammatory reaction, mani- 
fested by a quite marked round cell infiltration and an occasional polymorpho- 
nuclear cell. There are remnants of epithelial structures, the cells having more 
the appearance of breast acini in infected tissue, and through these areas there are 
quite numerous small, and apparently newly proliferated blood vessels with large 
endothelial cells. Certain!}' the picture does not suggest carcinoma. 

Case 11. — The diagnosis was benign tumor of the breast; intracanalicular 
myxoma, with a large pedunculated tumor, projecting into a cyst, suggesting an 
intracystic papilloma. 

W. F. S., a woman, aged 22, had a tumor in the upper outer quadrant of the 
left breast of two years’ duration. She had pain for two months, during which 
time the tumor had grown rapidly. The tumor was excised under local anes- 
thesia. It contained blood tinged fluid and a cauliflower-like growth attached to 
the cyst wall. The operator, being in doubt as to the nature of the condition, 
then removed the entire breast, but no other lumps were found, ^and he states that 
the axillary glands were not palpable. The specimen was received with the ques- 
tion, “If this is cancer should the complete operation, with removal of the pectoral 
mu.cclc and axillary dissection, be done?” 
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of several forms. It may be simply a part of the condition that causes 
the multiple papillomas. There are two pictures, however, for which 
it is interesting to attempt an explanation. 

One is the glandlike arrangement of the papilloma in places (fig. 8), 
and seems to us to be due to the manner of cutting the sections, or 
dependent on the fact that the various papillae have become adherent 
and fused, with a loss of the epithelial cells at tlie point of fusion. 
Similar pictures are frequently seen in the fallopian tubes following an 
inflammatory lesion. The other is the hard area with a rough resem- 
blance to scirrhous carcinoma (fig. 13). It seems tliat this could well 
be explained by the entanglement of certain epithelial elements and their 
inclusion in the formation of fibrous tissue, the latter reaction dependent 
on an irritation, either from the tumor and associated hemorrhage into 
the tissues, or from infection superimposed on the papillomatous cyst. 

Probability of Malignant Change in the Benign Group . — ^These 
tumors have been looked on as especially liable to malignant degeneration, 
and, as for all breast tumors, their removal is demanded when there is 
a definitely palpable tumor. From figures 3 and 4 it can be seen that 
there are thirteen patients in the benign group who had had a tumor 
of from five to twenty-five years’ duration and six with a nipple dis- 
charge extending over a similar period. Furthermore, one of our 
patients, aged 72, who had had a papillomatous cyst with a bloody dis- 
charge for one year, stated that her mother, then 96 years of age. had 
had a cystic tumor for many years, with onset soon after the menopause, 
associated with a continuous discharge from the nipple, the character 
of which had varied between bloody and serous. Her mother’s health 
was good. There also were several cases cited in the literature with a 
duration of from ten to thirty years. On the other hand, we have one 
patient who gave a history of thirteen years’ duration, with slow growth 
to the size of a walnut at the end of eleven years. At this time it was 
cut into, without an anesthetic ; only bloody fluid was obtained, and no 
further treatment was carried out. There was no histor}^ of nipple 
discharge. After that time it had grown rapidly, increasing 300 per cent 
in size within two years, and a prickling pain had been present for tliree 
weeks before admission. Examination showed a tumor in the outer half 
of the breast, attached to the old scar, and below this a large cystic 
swelling. It was associated with enlarged axillary glands, and was 
diagnosed clinically as carcinoma with cystic degeneration. The radical 
operation was performed and the specimen showed, grossly and micro- 
scoically, cancer in the mammar}' gland and axillary lymph nodes. In 
the breast it was intimately connected with a cyst which was filled with 
bloody fluid and in which there was a projecting papilloma. The patient 
died recently from an extensive recurrence. This is the only malig- 
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HISTORICAL 

Ambrose Pare (Paris, 1510-1590), Thomas Bartholinus (Copen- 
hagen, 1616-1680) and Ledran (Paris, about 1778) are said to have 
written of carcinoma of the male breast, but it has not been possible 
to consult these articles. About 1820, articles on the subject began to 
appear in medical journals, especially in the Lancet. Liston (Lancet, 
1838), one of the notable earlier reporters, while operating on a man 
said: “Those who witnessed the operation observed that I was at no 
pains to preserve integument.” A somewhat naive remark which I 
think might well receive more consideration today. From 1820 to the 
present day, articles have frequently appeared, especially in the French, 
English and American journals. German contributions have, singu- 
larly, been infrequent. Horteloup ^ collected seventy references to 
diseases of the breast of all kinds in man. Velpeau ® mentions, without 
going into detail) ten cases of carcinoma in men in about 2,000 cases 
of various conditions of the breast. In 1844, Walsh,® quotes Velpeau 
as saying that he has “never seen and neither do other writers quote 
any examples of the dissemination of these tumors (i. e., male breast 
carcinoma), or of their being reproduced in the viscera or other parts 
of the economy in men as in women,” Velpeau, in 1854, admits this as 
his previous opinion, but says, “I would not say this as before . , . 

as I have several times had occasion to prove the contrary since.” 

The earlier writings were largely reports of single cases. The 
first s)'stematic stud)’’ of carcinoma of the male breast was published in 
1 883 by Paul Poirier.^ Poirier’s introductory paragraph is such a fine 
example of French completeness and clearness that it is quoted in full. 

The condition more often begins in the second half of life, 45 to 65 yeans. 
It begins ordinarily as a small limited induration, under or near the nipple. 
It remains in this state sometimes for a considerable period without causing 
appreciable pain and without affecting the general health. Then suddenly, 
after six months to five j-ears, the tumor increases in volume and soon is the 


1. Horteloup: These dc Paris, 1872. 

2. Velpeau: Maladies du Sien, 1854. 

3. Walsh: Anatomy, Physiologj' and Treatment of Cancer, 1899. 

4. Poirier: Paris Thesis, ISvSj. 
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contrast to the widespread impression that these are tumors of a rela- 
tively low grade of malignancy. It seems clear to us, however, tliat this 
impression has been founded on mistaken diagnoses in which many of the 
benign cases have been called cancer. 

METHOD OF ATTACK AT OPERATIOX 

Based on the foregoing study, the following method of attack is sug- 
gested as offering the best chance of proper treatment. If the tumor is 
definitely malignant clinically, the radical operation should be performed 
without an explorator)' incision. If it is thought to be benign, or it there 
is only such suspicion of malignanc}' as to demand exploration, and the 
tumor is not of such a size as mechanically to demand the removal of 
the breast, it should be excised with a zone of surrounding tissue. It 
should be immediatel)’ sectioned and examined for malignancy. Here 
one should be familiar with all that is included under the pathologic 
examination and" should examine for the thickness of the cyst wall, its 
character, mobility of the wall over the surrounding structure, and should 
note particularly the attachment of the papillomas to the adjacent 
structures. 

From an}'’ suspicious areas, either of increased firmness, unusually firm 
attachment of the pedi.cle of the papilloma, or where there is a question 
of invasion of the surrounding structures, blocks should be taken and 
sections made immediately. These sections should show the base of the 
pedicle and the tissue from which the papilloma arises. One section 
taken at random by the operator without seeing the entire specimen, or 
by the pathologist, without a careful gross examination of all the tissue, 
is worse than useless. It may give a false impression of benignit}* ; or, 
if from the papilloma, it may be diagnosed as cancer, when the tumor 
is encapsulated, lying in a cyst with thin, smooth, freely movable walls. 
In this connection we might cite a recent case, not of papillomatous cyst, 
in which the operator, on demand of the patient, e.xplored a breast 
tumor that was clinically malignant ; he came down on a definite nodule 
lying on the edge of an indurated area in the breast. This small tumor 
was e.xdsed from the surface of the larger mass, and the operation 
delayed for the frozen sections which showed a typical intracanalicular 
fibro-adenoma. (Figure 17 is a similar case in tins series.) The opera- 
tor accepting this diagnosis of a benign tumor, and thinking that the 
involved area was so large as to include most of the gland, amputated 
the breast alone. Pathologic examination a few minutes after the close 
of the oj)eration showed on one side of the tumor mass an area measur- 
ing from about 1.5 to 2 cm. in diameter, which was considerably harder 
than the surrounding tumor and which had a gritty consistency. On 
running the finger across it. one could mark out one border as definitely 
as the edge of a wooden shelf ; on the other side it shaded off into the sur- 
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The age at the time of observation is given in 401 cases. The 
average age is 54.2 years. Lane-Claypon does not gh^e the average 
in her large collection of statistics on women, but in table 1 she does give 
an elaborate classification by semidecades and a comparison of the data 
on men. 

It has frequently been noted by others that carcinoma of the breast 
develops later in men than in women. This apparently is borne out by 
the foregoing. Most cases occur in women between the ages of 45 
and 49 ; in men, between the ages of 60 and 64 ; about one half of the 
women and about two thirds of the men are over 50. 

The youngest patient among the men is difficult to determine with 
certainty. Blodgett ® gives a brief report of a case in a boy, aged 12. 
The duration of the condition and the microscopic report were not 
given. An operation was performed, and the patient was well five years 

Table 1. — Ages at Operation (Or Coming Under Observation of the Reporter) 
Percentages for Each Quinquennial Period. 


Age Periods 
* 


10 

15 

20 

25 

30 

33 

40 

45 

50 

55 

GO 

>65 

70 

75 

60 

85 

90 

Lane- to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

,to 

to 

to 

to 

to 

to 

to 

Olaypon 14 
8,053 

19 

24 

29 

34 

39 

44 

49 

54 

59 

64 

69 

74 

79 

S4 

39 

94 

women 1 

1 

0.1 

1.0 

3.9 

8.4 

14.7 

18.3 

17.2 

18.4 

11.2 

6.8 

8.4 

1.2 

0.2 

0.2 


Present 

series 

401 men O.S* 

0.2* 

1.5* 

0.7 

1.5 

6.7 

8.7 

14.0 

13.2 

16.2 

17.2 

9.2 

8.0 

2.0 

0.76 

0.25 

2.5 


* These cases in very young patients are discussed helotr’. 

later. Simmons ” reports a case in a boy, aged 13, who was operated 
on when he had had a carcinoma for one year. The pathologic diag- 
nosis was adenocarcinoma of the breast of a medullary type. The patient 
was well, January, 1926, nine years after the operation. Bryan 
reports a case in a boy, aged 14 years and 8 months, who developed 
a tumor following a blow by a golf ball. After a duration of six 
months the patient was operated on. A pathologic diagnosis showed 
adenofibroma with “distinct scirrhus carcinoma in a scattered area of 
active profilteration.” The patient was well in 1926, thirteen years 
after operation. None of the foregoing cases sound convincing, and 
as slides are no.t now available, they should be considered as not proved. 

Coley reports a more definite case in a man, aged 22. After a 
duration of three years an operation was performed. There was a 
prompt recurrence of the tumor followed by a second operation and a 

8. Blodgett: Boston M. & S. J. 136:611. 1897. 

9. Simmons: *‘\denocarcinoma, J. A. M. A. 68:1899, June 23, 1917. 

10. Bryan: Siirg. G>Tiec. Obst. 18:545, 1914. 

11. Coley, \V. B. : .Ann. Surg. 31:741, 1900. 
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This discharge alone demands close observation, but is not an indication 
for operation. 

Age: Tumors of the benign group in our series have appeared at 
any age after puberty; the malignant only after 35 years of age (one 
case suggestive of malignancy in a patient of 27). 

Sex : The)' are rarely found in the male breast (2 per cent). 

Duration ; They may be of any duration ; some in this series were 
present for from twenty to thirty years. 

Consistency: They may have a firm, nodular and indurated con- 
sistency, due to multiple cysts, tensely filled with fluid and so situated as 
to suggest a single tumor. 

Location: They occur predominantly in the central zone of the 
breast, but occasionally in the peripher)'. 

Number: Clinically, they occurred as a single tumor in S3 per cent of 
the cases but other tumors developed later in 15 per cent. The specimens 
showed other tumors, on pathologic examination, in about 50 per cent 
of the cases. 

Size : They usually are small, but they were over 6 cm. in diameter 
in 38 per cent of the cases. 

Nipple: There may be some retraction of the nipple due either to 
the mechanical action of the tumor in pressing on the ducts, or to the 
contraction of scar tissue where infection is superimposed. 

Skin: The skin usually is normal, but may be tense, thin, shiny, 
red, or show a sinus from rupture. 

Variation in Size: Change in size of the tumor associated with a 
bloody nipple discharge is almost pathognomonic of a papillomatous cyst. 

Pathologic Examination : There usually is a cyst with one or more 
papillomas, a thin wall and no invasion. Frequently there are multiple 
cysts and about these all types of epithelial proliferation, duct adenoma, 
cystic adenoma and nonencapsulated adenomatous areas, with associated 
hemorrhage into the tissues or a superimposed infection, these giving a 
fibrous proliferation. 

Malignant Group. — A. large percentage of the cases in the malignant 
group gave the picture of cancer, clinically, grossly and microscojn'cally. 

Origin of the Malignant Tumors: The cancer may apparently arise 
from a papillomatous cyst, or occur in a breast the seat of one or more 
of these tumors. 

Duration : The duration usually is short, but in one case the tumor 
was jiresent for thirteen years, sugge.sting a benign growth for eleven 
years, with malignant change about the time rLor.iollowing incision. No 
other patient gave a history that would sug^'st malignant change in a 
benign tumor. 
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The cases in which a long duration of the tumor is alleged are 
of especial interest. The five cases in which the duration is from 
twenty to thirty-four years are given in detail in table 3. 

• In these cases in which the patient’s condition was of long duration 
it is more probable that the tumor originally noticed was benign and 
changed to carcinoma later. Occasionally the course is slow in cases 
that are definitely cancerous from the beginning. Even so it is hard 

Table 2. — Stated Duration of Tumor at Time of Observation by Periods of Time 


Time 


Percentage of Total 


Oto G months 23.S 

7 to 12 months 23,8 

13 to 23 months 7.9 

2 to 3 years 26.8 

4 to 5 years 8.6 

6 to 0 years 4.4 

10 to 14 years 3.0 

16 to 10 years 1.4 

20to 34 3 'ears 1.4 


Table 3. — Details of Cases With an Alleged Duration of Prom Tzoenty to 

Thirty-Four Tears 


Age Alleged 
at Ob- Dura- 
serva- tJon, 

Begin- 
ning of 
Itapfd 

Ulcer- 

Axilla 

m- 

Slide 
Verlflcd 
In This 


Estima- 
tion of 
Wnllg. 

End Itcsult 

Heportor 

tion Years 

Growth 

ated 

volvcd 

Study 

Tj’pe 

nancy 

Atichlnclo.ss.. 
(New York) 

53 20 

1 year 

Xo 

Yes 

Yes 

Scirrhus 

SXcdluni 

Well 27 months 
after opera- 
tion 

iloberts 

(Toronto) 

09 2o 

Pain Inst 
2 years 

Xo 

Yes 

Xot 

nrailablc 



Died 0 5 ’cnrs 
after opera- 
tion at ngc 
70; said to be 
free from 
cancer 

Grccnoiigh... 

(Boston) 

57 25 


Yes 

Yes 

Xot 

nvallnble 



Inoperable; 

died 

Warflcld 

(Mlliraukcc) 

47 20 

3 years 

Yes 

Yes 

Yes 

Sclrrhiis 
muscle In- 
volved 

High 

Died 6 months 
after opera- 
tion; met ns- 

f fifsnQ 

Well 20 months 
after opera- 
tion 

Jeanneiic}’... 

(Bordcaii.v) 

01 31 

2 j'cnrs 

Xo 

Yes 

Yes Squamous 
cpltl.'cllorna 

Low 


to believe tliat in four of these cases the condition should still have 
been operable twenty, twenty-five, twent^'-six and thirty-four years, 
respectively, after first being noticed, if the tumors were carcinomatous 
from the start. Robert’s patient gave the following history; “twenty- 
five j'cars ago the nipple began to draw in and it gradually entirely 
disa])pearcd and the skin grew over it. After fifteen years a wart-like 
mass appeared where the nipple had been and slowly grew till it was 
the size of a finger nail. It was not ulcerated or cracked.” 

The three slides of these long-.standing cases which have been 
rcstudied do not indicate a previous benign tumor. 
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Case 1.— A white married woman, aged 71, complained of a burning sensa- 
tion in the left breast of four weeks’ duration. Examination showed a hard, 
indurated mass, about the size of a walnut, just outside the nipple, with no other 
evidence of malignancy in the nipple, skin or axillary glands. A complete opera- 
tion for cancer was performed. 

Pathologic examination showed a C5'St, 2 cm. in diameter, near the nipple, 
filled with a bloody, jelly-like material, on removal of which the wall u-as seen 
to be lined with a ragged growth. There was no apparent infiltration outside the 
cyst wall. Microscopic examination showed the wall composed mostly of granu- 
lation tissue, with some evidence of a papilloma. Sections through the thick part 
of the wall of the cyst showed granulation tissue and papilloma, with the base- 
ment membrane of the duct gone. It was thought at the time to suggest carcinoma, 
and is now thought to be a papilloma with infection. The glands showed no 
metastases. 

The patient, when last heard from two j-ears after operation, was well. 

Case 2. — ^\V. F. M., a woman, aged 45, had a bloody discharge from the left 
nipple occurring at intervals for eleven months. A tumor the size of a walnut was 
noted for three months with gradual increase in size. There was no pain. The 
positive physical findings were a firm, non-tender, irregular mass, about 6 by 4 by 4 
cm., freely movable over the chest wall and fairly movable through the breast 
tissue, with some atrophy of the subcutaneous tissue and with slight dimpling of 
the skin with displacement of the tumor. The left nipple could not be pulled out 
quite as far as the right, and the left breast was at a little higher level. The 
lymph glands were negative. A complete operation for cancer was performed. 
No note about an exploratory incision was made. 

Pathologically, there was a firm, fibrous tumor, showing a smooth walled cyst 
containing blood. At one end was another tumor and through this were numerous 
channels from 1 to 3 mm. in diameter, some filled with blood, and others containing 
a granular, cellular tissue. In sections one secs the ductlike spaces filled with 
epithelial debris, and in some a distinct papilloma. At the time this growth was 
thought to be suggestive of malignancj', but is now thought to be benign. The 
patient is well at the present time, eight years after operation. 

Case 3. — C. F. M., a woman, aged 50, had a lump in the right breast of one 
year’s duration. There had been a slight increase in size, and pain for nine months. 
No nipple discharge was noted. Examination showed the right breast hanging 
1.5 cm. higher than the left, with a fulness over the lower part. The skin over 
this was a trifle shiny and below this was a small dimple. The mass was hard, 
irregular and very tender. The glands were negative. Clinically the cyst was 
benign. 

Exploration was done and a complete operation for cancer performed. 

Pathologic examination showed a tumor with three distinct lobules, each with 
a distinct wall. Within the cj'sts was hemorrhagic tissue, having a papillomatous 
arrangement. Microscopically, it showed a papilloma and seemed to be infiltrating 
outside the cyst wall. A note says that it would have to be ca!lc<! histologic cancer, 
though all similar cases had shown no metastases to axillary glands and all the 
patients had remained well. The glands were negative. It is now thought to bt 
benign and not an invasive tumor. 

The patient was well when last heard from in 1920, six years after operation. 

Case 4. — W. F. M., a woman aged 76, had a tumor for from twenty to thirty 
years which had increased gradually in size. No pain had been present until a 
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tumor has been present several years without ulceration. Table 3 
shows three patients with tumors of twenty, twenty-five and thirty- 
four years’ alleged duration which were not ulcerated, clinically. The 
size of the tumor does not seem to influence the question of ulceration. 
Sumner (personal communication) reports a tumor the “size of a base 
ball” which was not ulcerated. Jeanneny shows a profile i)hotograph of 
a tumor that must have been just as large, which also was not ulcerated. 
Ullman reports a tumor “larger than a baseball” which was not ulcerated. 

Axillary Iiwolvemeni . — ^The axilla is mentioned in 331 cases. It 
was involved in 228 or more than two thirds of the cases noted. The 
same objection to this comparison holds as in ulceration. Of the total 
418 cases, the axilla is definitely stated to be clinically involved in 
54 per cent. Microscopic examiation of the axillary glands is not men- 
tioned often enough for analysis. 

Trauma . — Unfortunately in the earlier abstracts of the literature a 
reference as to trauma was not regularly recorded, so that of the 264 
cases in the literature note of a definite statement as to trauma is found 
only in eleven cases. It is equally unfortunate that in the blanks on 
which the communicated cases were received a question as to trauma 
was not included so that it is only casually mentioned in four cases. 
However, even with this meager data, I am impressed with the recollec- 
tion that trauma is mentioned so frequently and so connectedly that it 
must be taken into consideration as a cause of carcinoma, at least in 
the male breast. In some cases there has been a constant trauma from 
tools as in shoemakers and carpenters, and in other cases there has been 
a single blow. Billroth reports a case of gunshot wound of the nipple. 
A carcinoma was noticed in the scar six months later. Lilienthal, New 
York (personal communication), reports a case in which a piece had 
been torn from the nipple fifteen years before. A crust formed, and 
the nipple became contracted. One case is reported following a sword 
thrust. 

Murphy,*® in discussing carcinoma in a man, said “In the breast 
carcinoma is very frequently the sequence of a mild trauma of single 
occurrence . . . It is the only place in the body where this is so.” 

It is not improbable that in women, loo, trauma would be accorded a 
more important effect if histories were more carefully taken with this 
point in view. 

S VM PTOM ATOr.OG Y 

Symptoms in carcinoma of the breast in men differ from those in 
carcinoma of the breast in women only in frequency and in time of 
onset. Ulceration is more common and tends to appear earlier; pain 
is more common and appears earlier. A discharge from the nipple is 


15. Murphy: Stirp. Clin., ChicaRo, 3:.569, 1914. 
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Sections showed only the papilloma that Bloodgood says is hard to differentiate 
from cancer. To me it is more suggestive of a benign condition, though it is 
very hard to differentiate when only the intracystic growth is given. 

The patient wrote in 1913, four j^ears after operation, that she “is feeling fine, 
and the operation is a success in every way,” 

Case 7. — ^\V, F, M,, a woman, aged 65, had a tumor of the left breast about 
the size of a robin’s egg when first noticed seven months before admission. It 
was a slow growth until about one month before admission, since which time it 
has been rapid. The patient had had great anxiety and this was thought to have 
caused considerable loss of weight. On examination she was somewhat emaciated 
and had a tumor of the left breast the size of a hen’s egg, firm, freely movable, 
not tender and with no change in the skin, nipple, axillary glands or subcutaneous 
fat. Amputation of the breast, without the sheath of the pectoral muscle, was 
done and axillary dissection for cancer. 

Pathologic examination showed a cyst, divided into two compartments, with a 
wall from 1 to 3 mm. thick, except next to the septum, where it was about 2 cm. 
thick and composed of soft, friable tissue. A few calcareous deposits were present. 
Microscopically it was called an adenocarcinoma. 

In sections taken from the thickened septum and papilloma Bloodgood diag- 
nosed cancer. To me they show a dense fibrous tissue with scattered clumps of 
epithelial cells, which under the dissecting microscope seems to belong to the 
papilloma with areas of fibrosis. I am inclined to consider it benign. 

The patient died eight j'cars after operation, without further trouble. The 
registered cause of death was “uremia, secondary to an interstitial nephritis; and 
pernicious anemia, the latter recognized one year before death." 

Case 8. — W, F. S,, a woman, aged 64, had a lump the size of a thumb in the 
upper outer quadrant of the left breast. It had been noticed six months before 
admission. There was no pain or tenderness. There had been rapid recent growth. 

Examination showed a tumor 7 by 7 cm., irregular, hartl and covered with 
large nodules. The nipple was normal, the skin tense, but not bound down, the 
veins large and prominent, and the whole tumor freely movable over the chest 
wall. There were many small nodules over the mass, some of them fluctuant. 
They were tender on palpation. No enlarged glands were noted. An exploratory 
incision was made and a complete operation for cancer was performed. 

Pathologic examination showed a cyst containing a hemorrhagic grumous 
material, and a “definitely carcinomatous nodule on one portion of the wall;” 
otherwi.sc the wall was smooth. A.xillary glands were not enlarged. Microscopi- 
c.ally it was said to show adenocarcinoma in the wall of the cyst. The axillary 
glands were negative. To me at the present time there seems a possibility of the 
growth being a papilloma, with infection superimposed. 

The patient was well up to 1919, thirteen years after the operation, except for 
paralysis which had been present since 1915. 

C.\si: 9. — \V, F. M., a woman, aged 27, had a tumor of nine months' duration. 
It was the size of a walnut when first noticed; had a gradual growth for s-even 
months, and a rapid one for the last two months, with much pain in the hrerot 
and arm. There was an associ.atcd discharge from the nipple for nine m'lntl;-. 
Examination showed a tumor occupying the outer hemisphere prcs'ure on wliich 
cau.sed a discharge of a rusty colored fluid from the nipple. The axillary glands 
were eidargcd. The nipple was not retracted. A complete operation for cancer 
was done. 
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Microscopically, the male breast consists of a compact mass of 
dense connective tissue. Areas of whitish breast tissue spreading 
irregularly through fat are not seen. The connective tissue is irregularly 
interspersed with ducts which are represented by thin lines of two layers 
of flattened epithelial cells rarely showing any tendency to lumen except 
near the nipple, unless there has been a chronic inflammatory process 
with partial or complete obstruction to the ducts, in which case they are 
dilated and much resemble the female ducts. Anything approximating 
the racemose type of gland structure with lobules and ultimate acini 
as in the female is not described in the literature, and I have not seen 
this in numerous male glands removed at autopsy. 

The present pathologic study is based on the somewhat unique 
opportunity of studying, restudying and comparing during the past 
four years a collection of slides from seventy-nine cases of carcinomas 
of the male breast. 

Perhaps the most striking impression obtained from the study of 
these seventy-nine cases is that the fully developed late cases are not 
distinguishable from the carcinomas in the female breast. It is doubt- 
ful whether a pathologist would suspect that any slide in the collection 
did not come from the female breast. This similarity of the developed 
type in the two sexes adds considerable weight to the generally prevailing 
view that even in women carcinoma of the breast usually arises from 
ducts. If, as is also generally agreed, acini are not found in the male 
breast, the point of origin of the cancer in both sexes is the same and 
naturally the end-product would be similar. 

CLASSIFICATION 

The classification suggested by McFarland ” will be followed here. 
Except in a few cases in which classification was not practicable on 
account of poor sections or faded stain, the slides studied seem properly 
to be classified as in table 4. All subvarieties are grouped exactly as by 
McFarland, with the exception that basal cell tumors are added to 
group 6. The squamous and basal cell types probably arise from the 
more superficial portion of the ducts, as well as from the surface epi- 
thelium of the nipple. 

It is not best to compare this table too closely with McFarland's 
table for women ; in general, however, it would seem that the scirrhus, 
medullar}' and squamous t}'pes are more common in men. Carcinoma 
simplex is less common in men. The figures for adenocarcinoma are 
about equal. 

Basal cell epithelioma of the nipple is not mentioned by McFarland. 
The only patient in the present series who had this type of carcinoma 

17. Dcavcr and McFarland : Surgery of the Breast, Philadelphia, P, Blakiston’s 
Sons & Co.. 1917. 



HART—PAPILLOMATOUS TUMORS 


835 


The C 3 'St was small, 3 by 5 cm. in diameter, and was said to contain blood 
tinged fluid; it was excised with a small zone of surrounding tissue. Projecting 
from one side was a polypoid, cauliflower-like growth. The wall of the cyst 
was otherwise smooth, glistening and quite loosely attached to the surrounding 
breast. A microscopic section through the base of the pedicle showed that there 
had been no invasion of the surrounding tissues, and further sections proved that 
there were other smaller- cysts, similar to the larger, and with pedunculated growths 
from the wall. The growth was a t 3 'pical intracanalicular mx'xoma, with no evi- 
dence of malignancy or suggestion of invasion. 
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size of a nut or an egg. The skin becomes adherent and dimpled. Tlie nipple 
retracts and becomes buried. The tumor becomes hard and nodular. Ordin- 
arily about this period one or two glands appear in the axilla, sometimes they 
are connected to the tumor by a nodular cord. Quite often one now sees 
small nodules or tubercles appearing around the tumor, they have the char- 
acteristics of the principal mass. The patient now begins to complain of lanc- 
inating pains. Then only the skin, distended and adherent to the tumor, red- 
dens and perforates, there is ulceration; the ulcer is excavated, the borders 
hard, the base is firm, it increases slowly and it may be the seat of hemorrhages. 
Such is the picture which presents ordinarily. The general health is good for 
a long time, progress is alwa\'s slow. This clinical type corresponds to the 
anatomical form which we have described under the name of scirrhus carinoma. 
But other cases with a different histological structure progress more rapidly. 
They are much more rare. 

Another elaborate study by Schuchardt ® appeared the following 
year, and in 1894, the subject was again discussed at length by \\'’illianis.''' 
This is the only textbook I have seen in which carcinoma in the male 
breast receives any systematic notice. 

The present inquiry is based on an exhaustive study of the literature. 
All titles in the Surgeon GcncraVs Index and the Index Med tens have 
been personally consulted, with the exception of about a dozen articles 
in unavailable journals or in impossible languages. The total references 
personally consulted number 166. These articles have yielded a total 
of 264 cases reported in sufficient detail to be interesting. Cases merely 
mentioned and not accompanied by data have not been included. The 
original reference has been consulted in nearly all of these ca.'ses; all 
of the notes have been inde.\ed, and duplication carefully avoided. In 
addition to the cases in the literature, I have compiled from hospitals 
and personal communications a total of 154 cases. Thus, a total of 
418 more or less well detailed reports forms the basis of this study. 
Slides of seventy-nine cases have been borrowed or restudied in various 
laboratories, 

STATISTICAL STUDY 

In order to increase the interest of the statistical data, comiiarisons 
will be made with statistics concerning carcinoma in the male breast 
by Williams and with statistics for the female breast by I^me-Clayj)!»n.' 

In the pre.sent compilation, the side is mentioned in 3,36 cases as 
follows: right 163, left 170. bilateral 3; Williams reported: right 38. 
left 33; Lane-Claypon reported in women (twelve difierent countries) : 
right 6.907. left 7.002. It would appear therefore that in buth men 
and women there is a slight ])reponderance for the left side. 

5. Sclnichardt : .Arch, f. klin. chir. 31:1. 1SS4. 

6. Williams, W. Roger: A Monograph on Disease' of the Bna'-t. London. 
1894. 

7. I.j^ne-C!aypon : Reports on Pnhlic Health. Mwlical Siihject'^, y.n. 2^. 
Ministry of Health. I.on(lon. 1924. 
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Several points of especial pathologic interest are illustrated in the 
accompanying photomicrographs, 

THE END-RESULT 

The end-result is known in 163 cases. Forty-one patients were alive 
at a recent date; ten patients died after the operation. Accurate data 
as to the total duration in patients surviving operation have been obtained 
in 111 cases. The average survival in these is two years and nine 
months after operaion. 

Of the known end-results in these cases, only thirty-one patients, or 
19 per cent, have survived five years. It would seem therefore that in 
general the end-results in men are not so good as in women. 

Table 5 gives the details of the forty-one cases in which the patients 
are still alive. The person who has survived longest was operated on by 
Dr. Hodge of Philadelphia. This patient is well and apparently free 



Fig. 2. — Duct papiiloma, carcinomatous, in a man, aged 82. Duration of con- 
dition was twelve years. He was operated on June, 1926; well February, 1927. 
Arrow indicates nipple. (Slide presented by Mattas.) 

from cancer fifteen years and nine months after operation. 'Ihe 
slide has recently been resludied by Eiman of Philadelphia and by me, 
but as it is faded a good reproduction cannot be made. The condition 
is unquestionably a carcinoma of the squamous cell type with low 
malignancy. The second longest survival is that of a patient reported 
by Hubbard of Boston as apparently free from cancer thirteen years and 
three months after operation. Unfourtunately, a slide of this case is not 
now available. The microscopic diagnosis was made by the late W, F. 
Whitney of the Harvard Medical .School. Whitney was studying patho- 
logic conditions of the breast with Warren in the SO's, and his opinion 
in 1913 should be accepted. 
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second recurrence. The condition was inoperable when the patient was 
seen by Coley. A nodule was removed, and the section examined 
by Braxton showed carcinoma. The condition began when the patient 
was 19. 

The youngest patient in the present series whose case was definitely 
proved was operated on by Deaver (personal communication). The 
patient first noticed the grow'th when he was 23 years old. Tlie 
primary operation was by another surgeon. The growth promptly 
recurred and Deaver’s operation was for the recurrence two years after 
the onset of the growth. A follow-up record was not made. The 
tissue, removed by Deaver and examined by Reiman, was found to be 
carcinomatous. This slide is in the group in my collection now being 
restudied, and it is undoubtedly a scirrhus carcinoma of high malignancy. 
The axillar}’^ glands were involved. The tumor was not ulcerated. 

The case of the oldest man, aged 91, is recorded by Lunn.*- The 
duration of the condition is not given, and the patient died after the 
operation. 

AGE INCIDENCE 

The age of the patient when the tumor was noticed is given in 
325 cases; the average age is 52.6 years. In computing this average, 
cases in which the alleged duration is twenty years or more have been 
omitted. It is probable in these that the information was incorrect or 
that a benign tumor became malignant at an unknown date. When 
the age at which the tumor was noticed is analyzed by age periods, 
the period of greatest frequency is again from 60 to 64 ycar.^. 'I'he 
second most frequent period is from 55 to 59 years. 'Fhc table accord- 
ing to frequency at age periods is practically the same as table 1, so that 
the table based on the age when the tumor is noticed need not be 
repeated. 

Dl’KATlON OF TUMOR BEFORE COMING I'NDF.R OBSKRVATIO.N' 

The time the tumor was observed before coming under the reporter’s 
observation is noted in 342 cases. The average jicriod is 2.4 years. It 
has been said that men with tumors of the breast delay longer before 
consulting a ]>hysician than women. 'J'his study does not show any 
essential difference ; the delay is perhaps greater than with women at 
present, but many of these cases were reported before the present intere.-t 
in cancer developed — many before the days of antiseptics. 

Table 2 shows that nearly hall of the men apply for treatment 
during the first twelve months. It is doubtful that women equal thi'; 
even now. 


12. Lunn: Tr. P.nth. Soc. L<»iMlon. 48:2'17, 1S97. 
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that a microscopic examination was made. Correll of Easton has a 
patient who is alive ten years after the operation; however, the slide 
from this case is too faded to be of value. 

Table 6 gives details concerning patients who died more than five 
years after the operation. The case of greatest interest is reported 
by Mitchell of Washington. A slide of this case is reproduced in 
fig. 4 and has recently been restudied by Bloodgood and myself. It 
definitely shows carcinoma. It is of the cylindroma type, and hence 
in McFarland’s classification it falls into the adeno group. The malig- 
nancy classification is definitely low. This patient’s physician was in 



Fig, 4 (Dr. Mitchell’s case). — ^Adenocarcinoma, cylindroma type. The 
patient had had the condition five weeks; he died twentj'-two years after opera- 
tion of heart disease. He was free from cancer. Same case as figure 5. (Slide 
lent by Bloodgood.) 

close touch with him for many years. He is convinced that the patient 
remained free from cancer. Death was due to heart disease twenty-two 
years after operation at the age of 71. This is the longest recorded 
sur\'ival in which data of the case are definite and an unquestionable 
slide is still available. Figure 5 shows this patient fourteen years 
after operation. It is remarkable that another slide lent by Bloodgood 
is almost identical with the slide of IMitchell’s case. It is even of lower 
malignancy. In this case the patient, colored, aged 69, had a tumor of 
five years’ duration. The glands in the axilla were not palpable. The 
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The only case history that indicates a previous pathologic condition 
was one of A. C. Wood, Philadelphia (personal communication). The 
patient, aged 47, had a tumor of unknown duration, said to have devel- 
oped in a “port wine mark.” A microscopic diagnosis showed basal 
cell carcinoma. The slides are not available now and the end-result is 
unknown. 

RACE IXCIDEXCE * 

Sirrha reports a case in a native East Indian, aged 35, in whom 
the condition was of two months’ duration. The tumor was ulcerated, 
but the axillary glands are not mentioned. An operation was per- 
formed. The end-result and microscopic report are not given. Welch 
reports a case, his report is accompanied b)' good photographs and 
slides. The patient was a Kikuyu, British East Africa, aged 42. The 
duration of the tumor was two months. It had ulcerated, and the 
axillary and supra-clavicular glands were involved. An operation was 
performed. The microscopic diagnosis was adeJiocarcinoma. The end- 
results are not given. These are the only two cases found in the 
literature that did not occur in Caucasians or in American negroes. 
Numerous cases are reported by American surgeons in negroe.s. It 
has been impossible to determine anything in connection with incidence 
and proportion of white and black populations in the towns represented. 
The cases are so numerous that presumably the negroes show abotit 
the same general incidence as the Caucasians. 

CHARACTERISTICS OF CARCIXO.MA OF THE I5REAST 

Ulceration. — Naturally, ulceration of the skin at time of observation 
is more common in men than in women. This point is mentioned in 
306 cases; in these, ulceration was present in 162 patients or more than 
one-half — ^a higher figure than one would expect. In the cases in which 
ulceration is not mentioned it probably did not occur. comparison 
with the total number of cases therefore is presumably more correct. 
Of the total reported in this collection, ulceration is definitely stated 
to be present in 38 per cent. Ulceration does not .seem to follow any law. 
In some cases it is the first symptom noticed ; in other cases, it occurs 
within a month after the tumor is first noticed. In many cases the 

* Since tliis p.ipcr was written a report by Ludlow {China M. J.. Die. 1*^25^ 
has been found. Ludlow's patient was a native Korean, aeed 7ft. uitb a tumor 
of seven years’ duration which was ulcerated. The axillary pland^ were not 
involved; a radical operation was perfonned. Two years and three months 
later (September. 102.''). the plands were removed from both axillae: no later 
note. Dr. Ludlow kindly sent on slides from each axilla. They are tinquenion- 
ably adenocarcinoma of low malignancy. 

13. Sirrha: Indian M, Kec. 10:146, 1896. 

14. Welch: Lancet, 1:1319. 1*514. 
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patient died two years and eight months following the operation with 
enlarged glands in the axilla and internal metastases. It is possible 
that the difference in result is accounted for by the fact that the axilla 
was not dissected on account of the age of the patient and the apparent 
benignity of the tumor. 

Study of table 6 shows that in men as well as in women recurrence 
can be the cause of death well after the fifth year period, as in Finney’s 
and Bloodgood’s cases in which recurrence caused death twelve and 
ten years, respectively, after operation. In both these cases death was 
possibly delayed by one secondary operation. In the twenty patients 
surviving five years, the condition at death is indicated in twelve; six 
were considered free from cancer, and six died of definite recurrence. 
Probably in one other case (Robert’s) the patient died of recurrence. 

End-Result According to Variety of Growth. — A study of the end- 
result according to the histologic variety is of considerable interest. 



Fig, 5 (Dr, Mitchell’s case). — Patient shown fourteen years after operation; 
lived eight years longer. 

Table 9 shows the duration before and after the operation in the cases 
in -which slides have been available for the present study. Ideas as to 
classification vary so much that it has not seemed profitable to make this 
analysis for all the cases reported. The present grouping has at least 
the advantage of having been made by a single observer. 

Definite deductions must not be made from this small list of cases. 
Several interesting points, however, are indicated. The slower growth 
of the adenocarcinomas seems to be well shown by the decidedly longer 
time they exist before the surgeon is consulted. There is a similarity 
as to the time before the operation in other varieties except the 
gelatinous. There are only three in this group. This small number 
shows a long duration before operation and a short survival after 
operation. All three are dead. The duration after operation which is 
known in two is two years and four months, and ten months, respec- 
tively. The medullaty, adenocarcinomas and squamous or basal cell 
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(b) The time elapsing between operation and death shows a fairly regular fall 
in each group from those with a condition of low malignancy to. those with a 
condition of high malignancy. 

(c) • The patients still alive after operation show a regular fall in each class 
from those with a condition of low malignancy to those with a condition of 
high malignancy. The same is true of the duration of the period of survival 
after operation' in those dead. 

(d) Regardless of whether they are dead or still alive, the number of patients 
passing the five-year period is as follows: low malignancy, 7, or 23 per cent; 
medium, 5, or 29 per cent ; high, 2, or 6 per cent. 

(e) The differences in clinical course betwen the medium and high groups are 
much more marked than the differences between those of the medium and low 
groups. . 

There have been a few cases in which these rules have not applied; 
that is, some cases in which the condition was classed as being of low 


Table 8. — Showing End-Results Classified According to Differentiation 

(Greenough) 



Total 

in 

Group 

Average 
Huration 
before • 
OperatioB 

Average Duration after 
Operation of Oases in 
Which Patient Is Known 
to Be Dead 

Patients 
Alive at 
Present 
Writing 

Low. 

SO 

2.7 years (22 cases) 
2.1 years (13 cases) 
2.1 years (25 cases) 

5.6 years (10 cases) 

4.0 years (7 cases) 

2.0 years (13 cases) 

13 (43.3%) 

0 (S.5%) 

9 (31.0%) 

Medium 

High 



The patients still alive In the three classes have survived the following nnmher oi years: 

Low malignancy.— 1.50, 16.3S. 1.08, 1.33, 10.00, 0.10, 2.58, 4.25, 5.76, 6.75, 4.10, 3.50, 2.00 years. 
Average, 4.1 years. * 

Medium malignancy. — 1.58, 3.00, 0.50, 3.75, 8.60, 5.00 years. Average, 4.1 years. 

High malignancy.— 2.50, 3.00, 1.08, 6.00, 0.81, 1.68, 0,25, 6.00, 0.25 years. Average, 2.00 years. 

The longest survival recorded (Mitchell's ease noted above) in a proved case, is that oi a 
p'atlent who was dcflnitely in the Iqw malignancy group. He lived twenty-two years 
alter the operation and died free from cancer. 

malignancy have run a rapid course, and vice versa. However, the 
impression gained from this study is that it is of great value and that 
in general one can now fairly accurately indicate the clinical course 
from the microscopic picture and that even now the information 
gained from the microscope may be more correct than the clinical 
observation. For instance, in a case of Bloodgood's the known duration 
of the tumor was three years. It was “large,” the skin was ulcerated, 
the muscle involved and the highest removed gland was involved. Surely 
the clinical data could not be worse, yet the malignacy group was low, 
and the man is alive and apparently free from cancer four years and 
two months after operation. 

The discrepancies that now exist and the objections of some patholo- 
gists will probably largely disappear as pathologists more closely com- 
pare their slides with end-results. 

The Effect of Muscle Involvement on End-Results . — This has been 
an interesting study, especially as from the closer position of the muscle 
it is involved earlier and more frequently than in women. A priori one 
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was operated on by Dr. John B, Dearer, the orig^'nal diagnosis being 
made by Dr. John Reiman, The slide which was lent for the present 
study is characteristic. The patient was 57 years old, the duration of 
tumor before operation was not stated. The classification was low 
malignancy. The patient died eight 3 -ears and one month after opera- 
tion; the cause of death was unknown. A recurrence had not been 
reported. 

The tliree malignant duct papillomas form an especialh- intere.cting 
group, David reports eleven cases from the literature and one of 
his own in men. These cases were all apparently benign at the time 
of operation. Some recurred and were still considered benign. A few 
cases in men have been reported in the literature as malignant. This 
type of tumor deserves further stud}* in both sexes. David says that 
about 10 per cent in both sexes become malignant. It would not l)e 
surprising if further stud}- showed that all these tumors were malignant 
from the start or surety and earl}' became so. 

Table A'—Palhologic Classificahon of Scvcnly~Eighl Ca.u\<i of Carcinoma of 

of the Breast in j\fan 


Scirrlms 

Medullary 

.Simplex 

Adenocnrclaoinn 

Gelatinous 

Squamous or basal cell. 


Total Xumber 

Pcrcfntacc 

SS 


It 

1? 

3 

3.7 

1.T 

17 

3 

.'!.7 

71 

9 


* Includes 3 malignant duct papillomas, I comedo type, 
f Includes 1 basal cell. 


The details in the three present cases so far as known are as follow.s : 

Case 1. — (Dr. J. P. Hoguct, N. Y., personal communication). .A man, .aped 
57, had a tumor fourteen months before operation. Low malipnancy was 
diagnosed from the section. The patient died four years and seven months 
after operation. There was a recurrence in the chest. 

Case 2. — (Dr. J. C. Bloodgood, Baltimore, personal communication). The 
patient, aged 35 at the time of operation, had had tlie condition for two 
Low malignancy was diagnosed from the section. The patient wav will Jan, 
25, 1927, one year and eight months after operation. 

Case 3. — (Dr. W, \V. Propst, Scranton, Pa., personal communication). The 
patient, aged 82, had a tumor of twelve years” duration, which prew -I'lwlv for 
the first nine years, then rapidly. The section showed low malien.ancy. .At) 
operation was performed eight months before this article wav writtm. Tiv 
patient is still well. .\ photogr.aph of a section t>f the entire turv.or i' vj;.,-,., n 
in figure 2. 

Ill .-ill three of the.se c.-i.^e.'J the maltgitancy i.s delinftciy vhov.-ii by 
marked permeation of epithelial cell? in the wall.? of the cyvtv rtivi ‘-nr- 
rountling ii.s.?ue.?. 


18. David: .Ann. Surg. 75:fo2 (June) 1*522 





Fig. 8 (Dr. Deaver’s case). — Basal cell epithelioma, low malignancy, in 
a man, aged 57. Duration of condition was unknown. Patient died eight 
years and one month after operation. (Slide lent by Reiman.) 



Fig. 9 (Dr. Jcanneny’s case). — Squamous cell carcinoma, low malignancy, 
in a patient, aged 64. Duration of condition was thirty-four years; patient 
well and free from cancer two years and two months after operation. 
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Taking the entire group (nineteen cases) with muscle involvement, 
the average time of the death of the patient is 2.8 years after operation. 
For 111 cases in the entire series (literature included), this average is 
2.9 years. As far as' one can judge from this series, involvement of 
' muscle does not seem to shorten the end-result. It does not follow that 
this applies to women as in women the muscle is usually farther away 
from the primary tumor and its involvement indicates a wide extension 
from the original focus. Muscle involvement in women for the present 
therefore should be accepted as of much graver import than in man. 



Fig. 11. — Adenoma type of carcinoma, in a patient, aged 88. Duration of 
condition was one year ; patient died two months after operation ; acute perfora- 
tion of gallbladder or duodenum; metastasis? (Slide’ lent by Bloodgood.) 


Influence of Axillary Involvement on End-Result . — ^Accurate data 
on this point are available in ninet}' cases. In twenty-one cases in which 
the axilla was considered not involved the average survival of the patient 
after operation was 5.2 years. In sixt 3 ’--nine cases in which the axilla 
was involved this average was 2.8 years. Reference to tables 7 and 8 
shows that even if the axilla is involved there may be a prolonged sur- 
vival. Hubbard's patient with axilla involved is alive after thirteen 
years, Denver’s after seven ^-ears. Finney and Bloodgood have had 
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The third longest survival reported b\' Mackenzie of Aucklaml. X. Z., 
is that of a patient apparently free from cancer ten years and six months 
after operation. A slide of this patient shows that the condition is an 
adenocarcinoma of the comedo type of low malignancy (fig, 3). 

The microscopic section of two of the patients surviving after five 
years (Wood and Coley) is classified as being of high malignancy. Ihnh 
of these patients had an unusuallj'^ long alleged duration before opera- 
tion, fifteen and six years, respectively. It is probable that in patients 
with a tumor present so long before operation and surviving a long time 
after operation there is some factor present that cannot be a]>preciated 
with the microscope. 



Fig. 3 (Dr. McKenzie’s case), — Adcnucarciinnna, coinedu tyin*. i<i\\ inrtJn.’- 
nancy. The patient, aged 50, had had the condition for three nionthv , he v.;o 
well and free from cancer ten years and five month- after operation (Slide 
lent by Bloodgood.) 


:\ few other patients whose ttmmr was considered careinotna have 
been well for a long time, but unfortunately the diaj^no-i- caiiiad 
he jtroved. \\'illy Meyer ojterated on a matt with a tumor of the hrea-*. 
who is well after twenty years. Xeither a slide nor a })atho!"L’ic re;« iri 
is available. Finsterer metititjus a case in a man. aoed 24, who w:-.- 
followed twenty ye.ars after operation, anti then lie di-appearni from 
observation. A patholooic report is not given, although Fin-tercr -ro- 


l®. I'instiTor; Dini-clu* Z-chr. f. Chir. 84:3)!. ]" •>. 






RHABDOMYOSARCOMA OF THE VULVAR ORIFICE 

IN CHILDREN 

REPORT OF A CASE 

CHARLES D. LOCKWOOD, M.D. 

PASADENA, CALIF. 

The great rarity of tumors of the vagina in little girls and the great 
pathologic interest attached to such tumors have led me to report a case 
and to review the literature on the subject. 

Tumors of the same histologic structure as the one reported in 
this article have been found in fishes, .in mammals and in man. These 
tumors. have arisen from various- parts of the body, e. g., from the 
uvula, the testes, the ovary, the prostate gland and from the muscle 
fibers in various portions of the body. This article will be limited to 
rhabdomyomas of malignant character springing from the vagina. 
This site seems to be the most common point of origin, with the possible 
exception of the kidney. Holmes ^ compiled thirty-nine cases in 1906. 
Other less common sites of origin are the heart, Tungs, esophagus and 
uterus. 

Since the report of Holmes on thirty-nine cases. Miller and Gurd ■ 
have reported a case, of which the following is a synopsis : 

REPORT OF CASES 

Case of Miller and Gurd. — girl, aged 2 years and 4 months, had as the 
first symptoms slight straining during defecation and an offensive vaginal dis- 
charge. Vaginal examination under anesthesia revealed a greatly dilated 
vagina filled with friable, gelatinous tumor masses resembling polypi. Radical 
operation was performed abdominally, the uterus, appendages and dilated 
vagina being removed. Improvement .^was only temporary. The tumor recurred 
with extension to the abdominal cavity in six weeks, and the child died at the 
end of two months. Necropsy was not performed. 

Author’s Case. — History. — ^H. B., a girl, aged 16 months, at the age of 14 
months began to pass polypoid masses, the size and shape of muscat grapes, 
which the mother discovered on the. diaper. Up to this time she was a normal 
child. The tumors increased in number and were frequently accompanied by 
blood. The child was taken to the family physician who found a large mass 
of polypi, similar to nasal polypi, springing from the posterior vaginal wall. 
These were removed but soon recurred. The child suffered severe hemorrhage, 
causing profound anemia. 

The father and mother and two brothers were well. 

In February. 1925, she was referred to me for treatment. 


1. Holmes, O. L. Pediatrics 19, 1507. 

2. Miller, C. J., and Gurd, F. B. : Surg. Gynce, Obst. 11:391-397, 1910. 
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tumor mass was white and slightly lobulated. One portion on the surface 
was necrotic. On section the pedunculated tumors resembled a mucous polyp. 
On section the largest part of the tumor was firm and white, and a clear scruin 
oOzed from the cut surface. It was slightly fibrous. Grossly, the diagnosis was 
multiple polypi springing from a large mass, which, grossly, was a fibroinyoma. 

The histologic diagnosis was endothelioma, or spindle cell sarcoma 
(malignant). 



Fig. 2. — ^.^ppcarancc of child a few days before death. 


The child rcniained well until Nov. 11, 1925 — more than nine months when 
she again passed two or three small polypi. These were removed and an 
additional 300 mg. hours of radium was given. In about two weeks the chih 
began to fail. There was no return of the tumor at the original site, hut Xk 
abdomen began to fill, and the patient gradually became emaciated. Jan. -/• 
l‘>26. the abdomen had become enormously distended; coursing over it were 
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variety show the longest sun'ival after operation and arc surprisingly 
similar. The scirrhus type, as is to be expected, shows a short survival 
after operation. It is probable that the simplex variety would show a 
longer survival if there were more cases. 

End-RcsiiU According to Differentiation (Grccnough'-"). — Pro- 
longed study has been given to the end-result in connection with the 
degree of differentiation as described by Greenough, 

The sections from the sevenU’-nine cases studied have been grouped 
as to differentiation into three groups; high, medium and low malig- 
nancy. This study has lead me to agree with Greenough that it is 
best not to attempt to differentiate more than three classes. 'I'lns is 
partly because I do not feel that I can divide my cases into four classo 
and partly because I feel that the division into four groups is finer than 
the traffic will bear. In actual practice one puts a section in the middle 
because one does not know in which end it shoitld be put. Why split 
up a middle class thus formed? 

Taiii.e 7. — Showing End-Rcsulis Classified According lo Taricly of Grou t h 



Totdl 

Avcrnce Piirntlon 

.tveriipe Duration 

Alive at 


fn 

IlcJorc 

at l>e!ill) .Slur 

I'ri'Oit 


Group 

Operation 

Ol» rntifin 

Writ ley 

Sclrrlnis 

.... 8S 

1.7 year? ( 2 Cc:is=e«) 

2 4 year' (I' ea‘»-) 


Molulinry 

14 

1.2 years (Sfiisc?) 

7.1 year' <'!ca-i-) 

f'l 

S!mpl<-s 

.... 3 

2.2 years (.3 case.*) 

Ifl.vear- (lea-ei 


Atk'nocnrclnomit 

13 

4.5 years (11 case.«) 

7.1 year- (.%ea-o) 

•* 

Gflntlnoii!’ 

.... 3 

.3.2 years (.3 case*.) 

l..'yeai> (2ea‘c.) 

0 

.S<)(iniiioiii: or I)ii5:il (‘cll 

. • « • 7 

1.7 year.' 

7.2 year- (tra'<-l 



Dr, P, Stout, of Columbia University, has also studied my collec- 
tion of slides from this standpoint, and we have agreed as t<i the grade of 
malignancy in most cases, Wniere there has been a difference of opinion, 
Stout's classification has been accepted. 

The number of cases of carcinoma in men studied in tlii^ group i- 
almost equal to the number studied in tircenough's group of women. 
It is striking th;it in both groujis the number of ca'-e'. in each a-signed 
to the low and high maligiKincy cla.sses is jiractically equal, nauu-ly. 
for men, 30 low and 29 high: for women, 19 low and 21 high, '1 !:< :v 
is a consider.’ible difference in the projjortion assigned t** the medium 
group. In men 22 ])er cent were in the meditim group, in wo;:'.. ;; 
•1.^ ])er cent were in the meditnn group. 

.\ stutly of table S shows that for this gnutp of men tl.e u.g 

jMiints seem to be indic.ated: 

tdi .\ tlilTiieiu-e iu>l vlmwii in iliv er< i:;-' n- !<> its, 

Usiiiur l>efi>re 


20 t tij-i iioe.L’h • 1 9:45.' il)-.' . I'J.' 
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many accessory, distended veins (figs. 2 and 3), The lower part of tlie 
abdomen was flat on percussion, and ballottement was present. The upper 
part of the abdomen was tympanitic. The abdomen was tapped at this time 
with a large trocar and 100 cc. of bloody fluid evacuated, February 7, one 
year after my first examination, the baby died of toxemia and exhaustion. 

Postmortem Exammation.—Dv. B. F. Sturdivant, pathologist to the Pasadena 
Hospital, reported that the body, that of a small child, was greatly emaciated. 
The length was 91 cm., and the circumference of the abdomen 78 cm. The 
ensiform to the navel measured 23 cm., to the pubes 30 cm. There was marked 
edema of both legs. 

The veins of the abdomen had ruptured from pressure. The tumor mass 
filled the entire abdomen, and had pushed the intestines up high against the 
diaphragm. The pericardial sac was filled with fluid. Tumor masses were 



Fig. 5. — Spindle cells forming wide strands. 


present on the pericardium. The tumor had broken through the pelvis rctro- 
peritoncally. along the vessels. There were many pigmented areas with 
hemorrhage into them. 

The bladder contained a group of tumor masses similar to those in the 
vagina and in the abdomen. The uterus and vagina were normal. The ovaric.* 
were not identified. The liver, gallbladder and spleen were normal. Tiicre 
were one or two tumor masses on the under surface of the diaphragm. The 
right kidney was dilated and hydroncphrotic. There were no tumor massc.s >n 
the kidneys. The left kidney was normal in size ; there was slight dilatation ot 
the pelvis. There were a few tumor masses on the upper surface of tlic 
diaphragm, and a icw in the retroperitoneal glands. A small tumor mass was 
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developed striated muscle elements, does not spring from fully developed 
muscle fibers, but arises from embryonic cells which are capable of 
giving rise to striated muscle in the process of development. 

The great malignancy of these tumors would- suggest their origin 
from cells of the embryonic t)Tpe which have undergone little differen- 
tiation. Sarcomas vary in thdr malignancy in proportion to their 
amount of connective tissue. Connective tissue tumors in which the 
cells are capable of producing a large amount of fibrous tissue are less 
malignant than those in which small spindle cells or round cells pre- 
dominate, Metastasis is not common in the rhabdomyosarcomas either 
by the lymphatics or blood stream, but they extend rapidly by con- 
tinuity. In my case, however, there was metastasis to the lungs. 

The literature on this subject shows that these tumors are char- 
acterized, first, clinicalty thus: (a) Early symptoms and a period of 
slow growth, during which there is an apparently benign proliferation 
of tissue from the vaginal wall, are absent, (&) At the vulvar orifice 
appear tumor masses, pol}'poid in character, associated with more or less 
severe hemorrhage, which is often the first symptom and which may 
vary from a mere stain to copious bleeding, (c) Pressure is felt in the 
bladder and rectum from the growth in the vagina. The tumor may 
attain a large size and enormously dilate the vagina before appearing at 
the orifice. The bladder symptoms in my case were so pronounced that 
the tumor was thought to be a bladder tumor by one of the surgeons 
who saw it. There was distention of the bladder with incontinence, 
(d) Inflammatory changes appear on the surface of the growth, with 
sepsis. Urine escaping from the distended bladder seeps into the dis- 
tended vagina, where it decomposes and sets up an inflammatory process, 
resulting in, a foul smelling, bloody discharge. Owing to' the small 
vulvar orifice, drainage is poor, (e) Extension of the tumor takes 
place by continuity rather than by metastasis. In my case, there was 
late metastasis to the lungs. The tumor progressed by extension 
through the vaginal vault into the abdominal cavity. The entire 
abdomen became enormousty distended with polypoid masses. When 
the diaphragm was reached, the tumor metastasized to the lungs, 
probably through the blood stream. There was no involvement of the 
rectum or vagina. The child became greatly emaciated and died of 
sepsis and inanition. 

Second, histologically these tumors are characterized by (a) a 
vascular connective tissue framework, (&) imperfectly developed 
striated muscle — ^the muscle tissue never attains the full development of 
mature striated muscle = — ^and (c) cells showing transverse striations or 

3. Hektoen. Ludvig, and Rcisman, David: .'Xmerican Textbook oi Patbolog>, 
Philadelphia. \V. B. Saunders Company, 1901. 
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would infer that involvement of the muscle would greatly diminish the 
chance for long survival. Every physician now accepts it as a dethiite 
fact that massage rapidly spreads a i)riman' growth. This could no; 
be done better than by the continuous movement of a jnu>r!e on 
epithelial cells which have invaded its fibers. This is probably what led 
Ideidenhain many years ago to write that when a mu^cle i> once 
involved, probably the whole muscle will be afTectcd. and it should be 
removed entire, including the periosteum at its attachments. 

In the group of sevent\--nine cases in which slifles were available 
for study, there was definite microscopic evidence of involvement of 
the underlying muscle in nineteen cases. 24 per cent. 



Fij;. 10 (M<'>sclio\\itz’> c.'i'v). — Carciiii'ina .ajipnmitlv .'iri'):;!' .-u i:-.- 
of the duct, deeper lis.xm-.N .'Imw a mednllarj !>pe. l->\\ jualieu.-.e.cv. ; 
aned 67. Duration of coiulilion wax ten jvar'. twci rtcern mt • rr::'.' 
fir.xt years, then palieut di.xappeared tnuu t-h'er\atii>u (.'x!:*;.- h ! > Id 
haum. ) 


In cases in which the mtixcle wa-x inv*»lved, the clr.'xi;'; 


iJ.v 


])rimary minor is as folhtws: low fi. niedium bieb ID. The 5'r >:> 'rt' --: 
of these cases in the hit;h malignancy chixx js gre-ater t!::.:: ::j • e-.;”- 
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CIRCUMINJECTION OF AUTOGENOUS BLOOD IN 
THE TREATMENT OF CARBUNCLES 

LOUIS CARP, M.D. 

NEW YORK 

The i^urpose of this article is to present the results of the application 
of a method of defense against the spread of infection in a carbuncle. 
Carbuncles have been treated by such methods as hyperemia, injection of 
antiseptics into their centers, ointments, vaccines, roentgen-ray therapy, 
and conservative and radical surgery, but extensive scarring, lengthy 
convalescence and the frequency of complicating sepsis or metastatic 
pus foci accompanying these methods warrant a consideration of any 
method that may prevent these conditions. To aid healing and to 
preclude as far as possible the occurrence of septic complications, two 
factors are essential, first, the least possible trauma to tissue, and, second, 
the mobilization of the natural forces of defense. 

Within the last eighteen years attempts have been made to use whole 
blood or its constituents locally to combat infection. In 1908, Mueller 
and Reiser ^ injected the patient’s defibrinated blood into nonprogressive 
pyogenic abscesses. They thought that the proteolytic ferments of the 
polymorphonuclear leukocytes caused a rapid purulent secretion by 
digestion. This secretion helped dilute the toxic products and tiuis 
delayed their absorption. Lorey,® in 1912, used local applications of 
horse or diphtheria serum in various pyogenic infections complicating 
diphtheria or scarlet fever. Thus, when a cervical adenitis in scarlet 
fever was incised and drained with a packing impregnated with horse 
serum, he said that less sloughing and toxicity resulted and clean granu- 
lations appeared early. 

Ten years later, in 1922, Rieder ® sought a method for the treatment 
of carbuncles and furuncles which would prevent unnecessary injury 
to tissue and the opening up of new avenues of infection. He observed 
that if a carbuncle or furuncle was incised crucially without under- 
mining the flaps, the insertion of a packing saturated with horse serum 
or diphtheria antitoxin made the slough begin to separate in twentj'-four 
hours, and in several days bright red granulations appeared in the bottom 

* From the Presbyterian Hospital and the Columbia University College of 
Physicians and Surgeons. 

1. Mueller. E., and Peiser, A.: Ueber die Technik dcr Antifcrmcnt- 
bchandtung citriger Prozessc. Beitr. z. klin. Ciiir. 60:236, 1908. 

2. Lorey: Ncuc Gesichtspunkte zur Behandlung der Dipthcric, dcs 
Scharlachs und von eitrigen Prozessen, ^Icd. Klin. 8:1069 (June 30) 1912. 

3. Rieder, Wilhelm: Ueber Behandlung der Staphylomykosen mittels 
Pferdserinns, Klin. Wchn.cchr. 1:2333 (Kov. ]g) 1922. 



waiswright—carcikoma of malh hriust r:'? 

patients with involvement of the axilla who have flied over ten year.- 
after operation with recurrence. Finstercr had a j)atient who died eleven 
years after operation and who was considered free fr<jm cancer. 

Jufl7tcncc of UIccroiiou on End-RcsuU . — .'Xccurate <lata on thi> 
point arc available in ninety cases. In forty cases in which ulceration 
did not occur the average .survival of the patient was 4.9 years after 
operation, and in forty cases in which ulceration occurred the average 
was 2.4 yeans. Frotn tables 7 and S it wottld seem that ulceration is 
more of a factor in connection with prolonged survival than is axillary 
involvement. In only one case in which ulceration occurred (P.iood- 
good’s) did the patient survive operation ten years, and only seven of 
these patients have stirvivcd five years. 

Norn. — I intend to continue this study of c.ircinoina in the in.ah- .^nd 

would he much indchted if sufRcons would furnish reports and slides of i.tlvr 
cases whether operation has already been performed, or future ca<es. 
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bilities and that it would be of value to ascertain whether the spread of 
infection in a carbuncle could be overcome by this method. If this 
could be proved in a carbuncle, the use of this therapeutic principle 
might be of value to check other accessible spreading infections or to 
minimize the danger of sepsis or purulent metastases. It will be noted 
that the various authors quoted, in addition to the injection of blood, 
also incised the carbuncles. No statement is made whether any other 
aids, such as local heat, antiseptics, ointments or narcotics, were used. 
Accordingly, it seemed most important to rule out with reasonable cer- 
tainty the influence of any factors other than autogenous blood circum- 
injection which might prevent spread of infection, cause sloughing and 
discharge, alleviate pain and minimize constitutional S3nnptoms. With 
this in mind, twelve patients who had carbuncles were treated at the 
Presbyterian Hospital with circuminjection of autogenous blood with- 
out other operative procedure under the following conditions : 

1. The patients were all nondiabetic. 

2. The carbuncles were real and progressive and several colleagues agreed 
that ordinarily their choice of treatment would be radical surgery. If there 
was one opinion that a carbuncle might get well with conservative treatment, 
such as local heat or ointments, that case was not included in the series. In 
this way at least twenty cases were excluded. 

3. Circuminjection of autogenous blood without incision was the only 
treatment. This method, so far as I know, has not been attempted before. 

4. Ambulatory treatment after injection consisted in; 

(a) Simple dry dressings. 

(&) Abstention from narcotics. 

(c) The ordinary measures against constitutional symptoms, such as 
forcing fluids and limited diet. 

(d) Wiping away frank pus, removing separated slough, and keeping 
the surrounding skin clean. 

TECHNIC 

The infected area is prepared in the usual manner and the patient anes- 
thetized, preferably with gas and oxygen or ethyl chloride inhalation. The 
method was tried without anesthesia in two patients who had small carbuncles, 
but the procedure was too painful. An assistant withdraws blood from the 
median basilic vciji into a 20 cc. syringe. The operator immediately attaches 
another needle to the syringe and begins the injections just beyond the margin 
of induration of the carbuncle. The needle is pushed into the skin and an 
intracutaneous and subcutaneous injection is begun under considerable pressure. 
Gradually, the needle is pushed perpendicularly deeper and deeper until litUc 
pressure is required to force in the blood. At this point the needle has 
probably penetrated deep enough for the blood to extravasate through the 
deep necrotic tissue. The needle is then withdrawn. The same procedure is 
followed until the lesion has been circuminjccted, a sterile needle being used 
for each injection. It is advisable to allow some blood to well up through 
the center of the carbuncle. The tissues about the carbuncle arc .seen to 
■swell up because of the injected blood, and a few drops of blood may c.vudc 
from the punctures. The number of punctures necessary, perhaps from three 
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Physical lixamivaiion . — ^Thc cliiM \va« well iKitiri'licc!, 1i;:t f>: p*i'!y c* 
plcxl'iii. Tile teeth were jv>')r: the thrn.it wa<- ti'*rtra!. The che‘t. he.ir;. h:;:.,' 
and abdomen were normal. A pedunculated tuRmr ma'^'-, the 'ire <■: .i 'ir.il! 
oranee. which bled easily v.hen irritated, protruded tVimi \.icin.-t. 1; t,.;*’ >! 
attached by a rather broad ba'c to the po-terior raphe of jhe vacir..i. *'•. ir ii- 
upper .‘•urtace, many polypoid tumors re'Ctnbline a riu'ter of er.ip* ' v < re 
fouml (fitt. 1). There wa*' a 'eropnnilent, foul 'meiline di'ch.iree 
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jircKJil in the lower lobe of the left luntr. The m.'iin tnsnor w,';‘ 
white and j^clatinotiF. 

Micrfiscnf’ic Kxaviiiialinii. — ^Thc section* showed a soft, edtn'.at'.r.' 
having the appearance <n' a myxoma. Scattere<l thronehem the tnTV,>.r. 
especially around the blood vessels, were mnucnui*- spinille*shapi.d (tlU. v.l iib. 
made a considerable part of the tumor. In place* t1u*c spindle cell* v.»rc 
jiathered to;;ethcr forminR wide strands. These spindle cell* clonly rc‘(!”.’>bd 
muscle fibers, which showed a preat m.any tran*itioual form*. In ^Minr- i>; ;1:«- 
sections stained with phosphotunpstic acid hematoxylin, a fi w ceil' with 
delicate cross striation could be m.ade out. l.oucitudinal stri-itiou c.uld 1- 
easily made out in a number of cells. The tumor wa* \a*cular. K.sttl*. 
larpe cell with a mitotic nucleus was seen (fiKs. 4. 5 and (>t. 

The iliapuosis was rhabdomyoma (sarcoma Ivitryoide*. I’fanmu'-tiil'. 
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hc.'iflin;,'.'-. It. is "cncrally ronccMcd that thcsv ttnn'C> ; 
ori;xin. ' 1 ’Ik* frequency of their occurrence in infrt!'.*'-. 
re;,'ions invrdved ij) embryonic infoltlini;s. such a- M 
ll)e embryonal nature of their e-.'etnial celK. all {-tint * 
Jte>s of this theory.* 


are •»! <•; 
their !«' 
Vilier V 
'* the r<-.' 


’ V »!*'» 




Un'-ATMUNl 

These tumors occurrini; in the ;tenito-uri;i:iry tract are a' 
itivariahly fatal, there heitit; only <»ne or two rf;»>rte<l rccie..' 
'J’heoretically, they .«houhl he amenable to treatment if r<ro:,o)ire'i r; 
'riic local nature of the ftniwth in it*- incipiency. the rallier pr‘<:<-r 
periofl f)f slow "rowth ami relati\'c beniitnancy. aiifl th." teJt'!' :t<’ 
])ro;jress by e.vtensinn rather than by meia'-tasi'-, all sttea'C't tit'- p- 
bility of r.'uHcal cure if the tirowth i*- rectipjuV.ftl early atai :;<• 
vij^tmjusly. .Mthoutjh she oamc under (ib'crvation late an*! wifn 
<k‘ath. my jjatient was restored to ])erfcct health by tltorott^h c.it: 
remov.'il and vigorous ra<liutn treatment. If eiven isi the emiy 't.i 
this method of treatment sh'iubl otTer hope of jH-nnaitetu relief. 


4. Hekt'icii .t. it ISli. 
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of the woujkI, 'i his roult \vas not ohiained hy jj.-hit; a;nj't j);:c- i;: t’ " 
.'■anic niantjcr. Jle reporlc**! favorahk* rc.Milt> in sixteen carhttr.ek- ;n;'i 
ii%'c lart^c inrundes. After the itijection (*f 1 iv. of jj-tr.-e >en:m ir.;** ti--' 
centers of furuncles, shnyjhinn aivl healiuu follMwe*!. In 1*0.'. u]>'V. - 
in;,' twenty-three eases <if carhnncle. some with <|ou1i:ful 
Kicfler * eallerl attention to the same treatment, htit he wa- at a i-ov 
explain the ratiojiale, exce]>t j)erha])s that the sentin intro'lnceo 
ho<lies locally, X() ana])hylaxis was notice'l. In the ‘•ante eat. 
i^aewen.'’ the stirj^M'cal director at Marhur;:. discourat;e<l hy the «le.ith n! 
several ))atients with fulminatintt ftjntncle>- of the face, iniected tra- 
patient's freshly asjnrated whole IiIimmI at the tnarein^ of itiduT.-iti**;! oj 
nine fttruncles of the face after simple cnicial inci»ion‘-. Tlie ittte. - 
tioJis were ]mj;tressive rather than fulmintitini^. atid the uen 

favorable. Several months later l-iewen'‘ jleM'rihed a c.ase of ftthinn.i!- 
in;j funmcle of the upper lij) in which, after crucitil inci'-iou. •*! vc <>{ 
the patient’s unmodified hlood was injected iti^t heyond il;e ate.'i o; 
cellulitis. 'J'he next day the infiliratiim and intimation were f«ii:r.d t>< 
he mer^icd. On the thinl day the temperature ami -wellii-.i; were t!.iu;: 
On the sixth day the imluration ha<l sjtreatl to the other ^i'le of 
face. .Sixty-five cnhic centimeters of the patient'^ hlood wa^ ;!a n 
injectetl as previmisly. On the ninth day the )>ri»ce‘s hail •-toppo-i .-n 1 
stjueezin;’ ditl not spreatl it. t )lher worKer- in thi'- field ui:»- 
Ntmrney.’ Linhart ^ ami Kuhn.” .'schle-inecr."' ihsieteeitu; wnh 
Laewen, ]»referred excision. He helieveil that the imleit rminate »Itp:h 
of the carhnncle wonhl prevent succcssftil inllhr.ition of h’o-l 
hene.'ith it. 

It occurretl to me that circuniiniection of antoe< U":!*- hloo ; 
infections withoni any tiperative proceilnre ha'l ‘•■•in'- nit< ti ‘t;i •.■ ; 



Tempera- Size of Size of Amount of 

l.ociitinii niimtlon Amount of Fain ture Indurated Area Opening Tenderness Culture Blood Injeeted 

Hack of neek Odays Moderate; lost 99.0 S by 4.6 cm. Fin-head; Slight Not done 15 cc. at 7, 12 and 

sleep 6 niglits 2 openings 3 o'elock 
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to vjx. varies according to ilic extent nJ sj'read. Tl'.t of M“ 1 ’ 

vari(“' with the size of the carbuncle and ll^c ainnunt of ii'.il;:r;stii>;’.. 

A ffiirly lyjjical coiir.-'C oi a carbiiiiclc of the back c<t the ;uvk tuo*.' ■! 

in Ibis manner is as folbiws ; Iminediatelv on the i»atien;'s recoverv 5r-‘;r. 

* * • 

the anesthesia the pain is much diminishffi and in sonn- ca-'i-' it i;:.- 
vanislied. The jjalieni may be aide to turn his head laterally wite.oe.t 
]>ain even in cases in which this was not possible before tlte tte.itstti ot 
'J‘hc anxious and paijilnl expressions often flisappear. abo tl;e frcj’-te:.; 
shootin}; ])ains referred to snrronmlint; areas, ;\s a rule, ilie tir.'t 
nielli’s sleep is oldained. but it is <listurbed if j^res^-ure is pttt on t'".- 
carbuncle. 'I'hc ]»atient feels stron.eer. his a]»]>etite is •li'-titictly !*• tt< r, 
there is an imjn'ovement in his mental attd jdtysical coii'lition, ae.d !.■ 
does not feel so feverisli. The day after the treatment, jni- been:- t-' 
ooze otjt of the small oj>eninfis in the center ni the c.trbtntcle arid 
occasionally small sloujjhs septiratc, Impnivement i^- r;i])iil. dt.iie-.iee 
becomes jtrofnse and the indurated attd hlooil itijeetcd .auve l:.,\e 
merited. There is some tenderness at the silc^ of the inieetif-n* whn". 
tjratlually disappears; the indnratioti of the injected are;i tnay take tv.o 
weeks to subside. The small openings in the center of the c.itbtnal- 
coalesce about the thir<l day an<l hriflht red jjninulation^ be'nn to 
at the base of the wound. There may be some eccltymoviv ;it tin* itije t> 
area, and the skin within the injected area a'-Mtntc'* :i viokni.oi)'* co’ .’ 
Kpithelization then •f^iVKlually t.nkes place, leavini; a itiittitnal ’■ea.r. v.Ish: 
in a two year follow-ttp is fotiml to be superficial, nojiadla tent, 
induration aii<I in .'*ome cases .-ilmost invi'-ible. 

The cases are <leseril>eil according; to a delinile ‘clame. v.ba 
explanatory, in the accompanying t.nbles. 

.\n analvsis of the twelve c.'i'*e'* .civen in the * 


w ;t 
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Fig. 3. — Same patient shown in figure 1 ten days after circuminjection, 
showing extent of lesion, slough and pus. 



Fig. 4. — Same patient shown in figures 1, 2 and 3 on discharge fortj-onc ta>s 
after treatment; the epithclization and absence of marked scarring s lou 
be noted. 
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utilization of other accessory measures, such as incision, local heat or 
narcotics. The following results were noted: 

The infection did not spread, except in one case. 

There was quick. relief frofn pairi and constitutional symptoms. 

No reaction was. observed after injection. 

Most of the slough liquefied. 

The injected blood seemed to remain in the tissues, with gradual 
modification, for from several days to two weeks; as evidenced by 
induration in the injected area, ecchymosis or both. 

A violaceous color around the carbuncle appeared in an average time 
of six days. This might have been an outcome of passive congestion. 

I believe that the time for cure was probably shorter than it would 
have been by surgical procedure, although it would have been impossible 
to have had a series of exactly the same carbuncles with surgical 
therapy as a control. 

All the patients showed a minimal scar at the time of discharge 
from the hospital. 

In seven of the cases, with an average follow-up of twenty-three 
months, the scar was superficial, minimal, nonadherent, almost invisible 
in some instances, and with the negligible induration in two cases. 

There was no recurrence of infection locally. 

For those who may be interested in the mechanism of the curative 
phenomena observed in these cases, it might be stated that the increased cellular 
activity produced by the circuminjection of autogenous blood probably prevents 
spread of infection and increases autolysis. To elaborate, the following sug- 
gestions are offered: 

1. Increase of Local Rcsisiancc . — The injected blood itself produces a 
powerful positive chemotaxis, so that large numbers of the various leukocytes 
are mobilized immediately around the infected area. Gay’® believes that body 
cells rather than body fluids are the chief factors in the defense processes 
against micro-organisms. He states that besides polymorphonuclear leukocytes 
(microphages) the large mononuclear cells of the body (wandering endothelial 
cells, clasmatocytes of Ranvier, macrophages of Metchnikoff, histiocytes) play 
a most important part in increasing local resistance. Clasmatocytes, according 
to Gay, show the following signifleant properties : 

(fl) When occurring in connective tissue they have pscudopodial processes 
known as “trailers.” In exudates in serous cavities they are usually ovoid m 
appearance, with a large eccentric and often indented nucleus. 

(b) Phagocytic power for animal cells, red blood cells, pigment, poly- 
morphonuclear cells and bacteria. 

(c) Migrator}’ tendencies which are not as marked as in the polymorpho- 
nuclear leukocytes but more marked than in the fixed tissue endothelium. 

(d) Superiority in resisting extraneous influences, which would make them 
valuable agents in protecting the body against bacteria. 

13. Gay. F. P. : Local or Tissue Immunity, Arch. Path. & Lab. Med. 1:.''^^ 
(April) 1926. 
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Gay” and Morrison are firm in their belief that clasmatocytes have a 
distinct function in the disposal of bacteria, and that they are probably more 
important than the polymorphonuclear leukocytes in this respect, Gay“ found 
that broth, when injected into the simple tissue of- the rabbit pleura, produces 
an increased resistance or active immunity to streptococcus. Granulation tissue 
forms so that the pleura increases in thickness about forty times. The sub- 
serosa is increased in thickness by the infiltration of enormous numbers of 
mononuclear cells, .which, following injections of trypan blue, into the cavity, 
can be shown to' be, in' significant proportion, true clasmatocytes. Bacteria 
injected into the pleural cavity are found in an hour or two in the clasmatocytes 
of the subserous layer under an apparently intact, though modified, serosa 
which in -itself is never phagocytic. In preliminary experiments in pleural 
immunity. Gay*® indicates that in advanced grades not only is the original 
pleura protected but also the other pleura. In this instance, histologically the 
pleura opposite the immunized one is normal before infection, but on injection 
of the test dose, protection is acquired by mobilization of previously formed 
clasmatocytes in the new area. Gay“ states that he believes that other sub- 
stances, such as broth, would produce the same action as autogenous blood 
on a carbuncle. These substances have a tendency to diminish local tissue 
resistance in the first twenty-four hours, but blood may bridge this gap. Rivers 
and Tillett“ corroborate some of Gay’s work. 

2. Increased Action of Proteolytic Ferments. — The greater mobilization of poly- 
morphonuclear leukocytes and clasmatocytes makes this possible. It was 
clearly noted that the slough in the carbuncles had a tendency to liquefy. 
Mueller” was the first to show that proteolytic enzymes occur in the cells of 
purulent exudates. Opie“ demonstrated two proteolytic ferments in leuko- 
cytes, which act both in an acid and an alkaline medium but are more efficient 
in the latter. Bacteria also contain proteolytic ferments. 

3. Introduction of an Antitoxin. — ^Following the recent report of Dick and 
Dick*® that scarlet fever strains of Streptococcus hemolyticus produce a derma- 
toxic poison for man, -Mrs. Parker®® demonstrated a similar poison in rabbits 
by injecting sterile filtrates of broth cultures of certain strains of Staphylococcus 
aureus. She also found that small amounts of the serums of many of the rabbits 
previousl}' injected with filtrates for skin injuring substances easily neutralize 

14. Gay, F. P. : Local Resistance and Local Iminunitj'’ to Bacteria, Physiol. 
Rev. 4:191 (April) 1924. 

15. Gay, F. P. : Personal communication to the author. 

16. Rivers, T. M., and Tillett, W. S.: Local Passive Immunity in the Skin 
of Rabbits to Infection with (1) a Filtrable Virus, and (2) Hemolytic Strepto- 
cocci, J. Exper. Med. 41:185 (Feb. 1) 1925. 

17. Mueller, Friedcrich, quoted by Kossel: Ztschr. f, klin. med. 13:149, 1888. 

18. Opic, E. R. : Enzymes and Antienzymes of Inflammatory Exudates, 
J. Exper. liled. 7:316, 1905; The Enzj’mcs in Phagocytic Cells of Inflammatorj 
Exudates, ibid. 8:410, 1906; Experimental Pleurisj'; the Part Taken by the 
Enzymes of Leukocytes in the Resolution of a Fibrinous Exudate, Tr. A. Am. 
Phys. 22:179, 1907. 

19. Dick, G. F., and Dick. G. H.: A Skin Test for Susceptibility to Scarlet 
Fever, J. A. M. A. 82:265 (Jan. 26) 1924. 

20. Parker, Julia T. : The Production of an Exotoxin by Certain Strains ot 
Staphylococcus Aureus. J. Exper. Med. 40:761 (Dec. 1) 1924. 
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the most powerful staphj’^Iococcus poison. Normal rabbit serum, used as a 
control, had no detoxicating effect, except when incubated with the poison in 
comparatively large amounts. i 

In the light of these experiments, one might assume that the circulating 
antitoxin in the human being, when injected around the soluble toxin producing 
lesion,. might have a beneficial effect on it. 

4. Aiitohemotherapy . — Among other observers, Mathieu "’ and Vorscluietz 
and Tenckhoff “ have noted a beneficial effect on local infection by the injection 
of the patient’s own blood at a distance from the pus focus. 

Laewen® believes that the lymphatics around the infected area become 
blocked by red cells of the injected blood. We have attempted to prove this 
experimentally in guinea-pigs but have been unsuccessful. Hilgenberg and 
Thomann “ found that if poisonous doses of strychnine, curare ' or cocaine arc 
injected into the tails of mice, more than deadly amounts of the poison can 
be tolerated if a blood infiltration is performed central to the depot (at the 
root of the tail). They used fluids of great viscosity, such as blood, serum and gum 
acacia solution, and found them much better than physiologic sodium chloride 
solution. Their effect resembled to some extent that of the Esmarch bandage. 
Laewen also believes that antibodies are introduced locally, by the injection 
of autogenous blood. If present, I believe that their quantity is insignificant. 

21. Mathieu, C. : De I’emploi de la Methode de Descarpentrics (sang 
hemolyse) en Chirurgie, Rev. med. de Test 51:582, 1923. 

22. Vorschuetz, J., and Tenckhoff, B. ;* Von der Behandlung mit Eigenblut, 
Deutsche Ztschr. f. Chir. 183:364, 1923. 

23. Hilgenberg, F., and Thomann, O.: Experimentelle Untcrsuchungen 
fiber die Aufhebung von Giftresorption durch abricgelnde Bluteinspritzung, 
Deutsche Ztschr. f. Chir. 180:267, 1923. 
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and Hippocrates ^ and later Ambroise Pare ^ included under the name 
“commotio cerebri,” or concussion, all injuries of the head, even severe 
cerebral laceration and intracranial hemorrhages. With increasing 
knowledge, there has been a tendency to limit the term concussion to 
those cases of injury of the head which do not show the clinical syndrome 
of cerebral pressure; and to those in which contusion and laceration are 
not apparent. A fine differentiation between concussion and microscopic 
contusion is not possible at present because there is no general agree- 
ment in the literature as to the exact definition of concussion. It may 
even be said that the literature is contradictory and confusing. Clinical 
and experimental investigations have proceeded without beginning on a 
basis of an exact definition of the meaning of the term concussion or 
of its scope, and so the literature continues to show many divergent 
views. - It is, therefore, primarily necessary to obtain general agreement 
as to the exact definition of concussion. A pathologic definition hitherto 
widely taught is that concussion is part of a condition which has for its 
pathologic basis scattered microscopic contusions and petechial hemor- 
rhages. On the other hand, the word concussion was originally a 
purely clinical term. With advancing knowledge, especially knowl- 
edge of pathology, and owing to the fact that- most cranial injuries ending 
in death showed certain pathologic changes in the brain, the pathologic 
definition of concussion just indicated naturally became more acceptable. 
This, however, was at the expense of physiologic argument, and, as I 
think, unjustly so; for the essential symptoms of concussion undeniably 
depend on physiologic disturbances, and it has never been proved that 
these distiirbances are caused by anatomic lesions, such as scattered 
microscopic contusions. Therefore, a clinical physiologic definition 
should be accepted. The term concussion should be used to indicate a 
group of symptoms which are the result of a temporary inhibition of 
cortical function, with or without stimulation or inhibition of one or 
more of the medullary centers, but which are not accompanied by 
pathologic lesions. 

The conclusion is widely accepted among surgeons that the essential.'^ 
of concussion are an immediate loss of consciousness, with or without 
symptoms suggesting medullary effects, and with a progressive tendency 
toward recovery; further, that pure concussion, that is, concussion 
without gross lesion, can cause immediate death. If this clinical defi- 
nition is accepted, the ph)’-siologic phenomena and the symptoms ina) 
be correlated by means of animal experimentation. The information 
obtained from hospital cases is naturally somewhat restricted. In the 


2. F. ; The Genuine Works of Hippocrates, Xew \ork, William 

Wfv)d & Company 1:254. 

Pare, -V. : Oeuvres completes d’Ambroisc Parc. cd. MalpaiKHc. Paris. 
naillierc 2:2.3. 1840. 
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At this stnge, because the process sccnicil to be spreading, tlie patient was sent to the hospital. He was treated with flaxscctl poultices and the roentgen ray, 
and was discharged in two weeks without operation. Hospitalization with local heat alone probably would have cured this patient without additional therapy. 
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and will be taken as a typical example of severe concussion. The 
following account is taken from Dr. Archibald’s monograph on surgical 
affections of the head. 

Gussenbauer and a friend, while on a tour through the Alps, suffered a fall 
down the Eiger. The friend was rendered unconscious. Gussenbauer fortunately 
came to no harm. On rising, he found his friend completely unconscious; the 
pupils were wide; the corneal and other reflexes were abolished; ail the muscles 
were flaccid; the face was deathly pale; and a chance wound was not bleeding. 
He was not breathing and looked quite lifeless. Evidently, there was both cardiac 
and respiratory standstill. After a short while, there returned, spontaneously, 
signs of life; first the pulse, very weak and slow; then the respiration, shallow 
and slow ; then bleeding from the wound. Later, the reflexes appeared ; the man 
gradually began to hear; half opened his eyes; and returned to a condition of 
semi-consciousness. After a while he fell into a sleep that lasted twenty-four 
hours ; and it was only then that he acquired full consciousness. A week later, 
all concussion symptoms had disappeared, save that he had lost all memory of 
the events immediately preceding the accident. 

While this example shows the severe type of concussion, most cases 
are comparative!)' mild, and there is almost immediate and complete 
recovery. Probably the best examples of such mild cases are to be 
found in the boxing ring; these concussions are caused by what is 
generally known as “the knock out blow.” As a result of a sudden blow, 
usually on the chin, there occurs a sudden loss of consciousness, with 
flaccid paralysis. The fighter has ten seconds in which to recover 
sufficiently to get on to his feet and renew the fight, when he may go 
on to victory. It is inconceivable that such cases are accompanied by 
any gross lesion, just as it would appear dovlbtful that Gussenbauer’s 
case was ac-companied by a solution of continuity in the central nerv'ous 
system sufficient to cause such generalized effects. Unless confined 
within narrow limits to the silent areas, which even then would not be 
sufficient to cause unconsciousness, gross lesion would give symptoms 
prolonged over a considerable period. Neurons destroyed in the brain 
tissue are not repaired but replaced by fibrous connective tissue. This 
suggests strongly that sequelae are due to gross lesions. Thus the 
clinical symptoms suggest the limitation of the word concussion to those 
cases which do not show any gross lesions. Retrograde amnesia may 
be an exception, but it is unknown whether this is functional or due to 
an organic lesion. 

As all injuries of the head, whether concussion, contusion or hemor- 
rhage, are caused by violence it is obvious that all three must often be 
present simultaneously, especially in severe cases. Such cases frequently 
lead to confusion in diagnosis and treatment. In cases of concussion, 
however, there is either spontaneous recovery or immediate death, so 
that this diagnosis can he eliminated in those cases in which the course is 
protracted. Cerebral pressure gives a typical syndrome, with raised 
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There are two objections to the method which might be offered. 
The first is that the injection of the blood might spread infection exactly 
like a local anesthetic. As a matter of fact, this usually does not happen. 
Second, the injected blood might become infected. This also did not 
occur. Apparently freshly injected autoblood behaves differently from 
extravasated blood which is the result of a trauma. The former pro- 
duces little injury to tissue. If the blood of an animal is injected into 
one of its joints or into its pleural cavity, it is quickly absorbed, leaving 
no pennanent adhesions. A traiunatic hematoma contains a good deal 
of serum, and is surrounded by injured tissue, all of which must be 
either absorbed or extruded. In a traumatic hemarthrosis or hemo- 



Fig. 5. — Same patient shown in figures 1, 2, 3 and 4 after twenty-four 
months’ follow-up, showing cigaret paper-like scar, not adherent to underlying 
structures and not indurated. 


thorax, there is slow absorption of the blood, and permanent injury to 
tissue results. As Laewen ^ expresses it, injection of blood builds a 
wall against the spread of bacteria while contusion paves a way for it. 

SUMMARY 

My series includes twelve cases of definite progressive carbuncles 
occurring in nondiabetic patients. Of these eleven were located on the 
back of the neck and one in the scapular region. The treatment was 
ambulatory and, unlike previous methods of therapy, depended solely 
for its efficacy on circuminjection of autogenous blood without the 
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lesions at autopsy in the brains of animals in which they had produced 
experimental concussion. Bryant “ after a careful study of the autopsy 
reports of Guy’s Hospital over a period of twenty-five years, did not 
find a single fatal case of injury of the head unaccompanied by con- 
tusion, laceration or hemorrhage, and concluded that concussion and 
contusion were synonymous. Le Gros Clarke^' reports that he had 
never witnessed a postmortem examination following speedy death from 
a blow on the head, “which did not show palpable, physical lesion of 
the brain.” Schmaus,^® Bickdes and Friedlander made careful 
histologic examinations of the central nervous tissue in man, and also 
in animals after experimental concussion had been produced, and con- 
stantly found minute contusions and petechial hemorrhages, Hauser 
reported foci of softening in the brain of a man who died six days 
after an injury of the head ; he suggests that had death occurred on the 
first day these areas would not have been found, and a diagnosis would 
have been made of fatal concussion unaccompanied by a gross lesion. 
Beudinger demonstrated numerous degenerated ganglion cells in the 
brain of a man who died eighteen hours after an injury of the head. 
Following their experiments of producing concussion by means of 
repeated light blows, Koch and Filehne®* performed autopsies on all 
their animals. They did not find any gross lesions. Scagliosi,®^ how- 
ever, repeated these experiments and, on careful microscopic examina- 
tion, found widespread minute lesions. Many other similar discoveries 
are reported in the bulky literature dealing with this aspect of concussion, 
but these will suffice to show the strong reasons fo^ the reversal of 
opinion formed after the publication of Littre’s work. 

Nevertheless, the conclusion that concussion and contusion were 
synonymous did not gain universal acceptance. Von Bergmann states 
that there are undoubtedly cases of death occurring as a result of pure 
concussion unaccompanied by any anatomic histologic changes. Cush- 

16. Bryant, T. : Lancet 2:405 and 507, 1888. 

17. Clark, Le Gros; Diagnosis of Visceral Lesions, ed. 1, 1870; quoted by 
Miles, A.; Brain 15:157, 1892. 

18. Schmaus, H.: Munchen. med. Wchnschr. 37:485, 1890 ; 46:75, 1899. 

19. Bickeles: Arb.. a. d. Inst. Prof. Obersteincr’s, III; quoted by Schmaus, H.: 
Miinchen. med. Wchnschr. 46:79, 1899, 

20. Friedlander, C.: Virchows Arch. f. path. Anat. 75:24, 1879. 

21. Hauser, G.: Deutsches Arch. f. klin. Med. 65:433, 1900. 

22. Beudinger, quoted by Archibald, E.: Am. Pract. Surg., ed. by J. D. Bryant 
and H. Buck. New York, William Wood & Company 5:150. 1908. 

23. Koch. W., and W. Filehne: .Arch. f. klin. Chir. 17:190, 1874. 

24. Scagliosi, G. ; Virchows .Arch. f. path. Anat. 152:487, 1898. 

25. Von Bergmann: Deutsche Chir. 30:341, 1880. 
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due to hyperacute compression of the brain as the cause of the symptoms 
of concussion.” 

Cannon found further support for this hypothesis in his demon- 
stration that the initial rise of intracranial pressure, due to a blow caus- 
ing inbending of the slcull, was sufficient to prevent blood entering the 
cranial cavity. It is well known that cerebral anemia leads to paralytic 
symptoms similar to those of concussion. Hill produced unconscious- 
ness and spasm in animals by ligating the four arteries to the head, 
confirming the results of Kussmaul and Tenner,®® who produced immedi- 
ate loss of consciousness and voluntary movement by ligating the 
innominate artery and the left subclavian. Convulsions occurred in 
from 10 to 45 seconds. The unconsciousness and the flaccid paralysis 
seen in syncopal attacks are usually ascribed to cerebral anemia. 

In a thorough experimental investigation of concussion, Polis®" 
found that he could produce concussion more readily if he first ligated 
one or more of the arteries to the brain. He finally concluded that 
cerebral anemia alone would cause concussion, and that concussion was 
the result of two factors — cerebral anemia and “ebranlement” or molecu- 
lar disturbance. Ivocher,^^ Kramer,®® Cannon®® and others, after 
experimental investigation, supported the hypothesis that cerebral 
anemia is the sole cause of concussion, 

Fischer,®® and later Miles, thought that the cerebral anemia was 
due to reflex contraction of the blood vessels owing to the sudden move- 
ments of the cerebrospinal fluid following the blow, which was assumed 
to stimulate the restiform bodies. In the light of present knowledge 
concerning the vasomotor supply of cerebral vessels, this theory must 
be abandoned. 

Witkowski produced a condition similar to concussion in the frog 
after removal of the heart. Cerebral anemia could hardly be a factor 
under these circumstances. Though the evidence supporting the theory 
that cerebral anemia is the direct cause of concussion appears to bo 
comparatively conclusiA’'e, several investigators, Tilman,'*® Rahm,^® Brcs- 

35. Hill, L. : The Cerebral Circulation, London, 1896. 

36. Kussmaul and Tenner, quoted by Hill, L. : The Cerebral Circulation. 
London, 1896. 

37. Polis, A. : Rev. de chir. 14:274 and 645, 1894. 

38. Kramer, S, P.: Ann. Surg. 23:163, 1896. 

39. Fischer, H, : Volkmann, Samml. klin. Vortr. se. 1 27:219, 1871. 

40. Miles, A.: Brain 15:153, 1892, 

41. Witkowski, L.: ■\’'irchows Arch. f. path. Anat. 69:498, 1877. 

42. Tilmann: Arch. f. klin. Chir. 59:236, 1859. 

43. Rahm, H. : Zentralbl. f. Chir. 47:146 (Jan.-June) 1920. 
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Fig. 8. — Patient shown in figures 6 and 7 on discharge thirteen days after 
circuminjection. 



Fig. 9, — Patient shown in figures 6, 7 and 8 after twelve months follow-up, 
showing scar almost invisible, not adherent to underlying structures, and with 
no induration or depression. 
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thesis. That reflex cerebral anemia of any generalized extent does not 
occur, has already been stated. 

The recent work of Breslauer is not well known. Breslauer found 
that he could not produce unconsciousness by manual pressure on the 
cerebrum in dogs, for only when the medulla was involved did uncon- 
sciousness occur. He concludes that concussion is due to purely 
medullary effects. All physiologic evidence, however, tends to place 
the seat of consciousness in the cortex, and mild cases of concussion 
show scarcely any stimulation or inhibition of the medullar}' ceiiters, so 
that it is difficult to accept Breslauer’s reasoning. 

A different and interesting line of thought was followed by Tihnan,^- 
who ascribed concussion to the tearing apart of the white and gray 
matter. As the white and gray- substance of the brain have different 
specific gravities, they attain different degrees of acceleration in the 
induced field of gravity set up by an impact on the head. The tendency 
is for them to be torn apart, the resulting solution of continuity causing 
unconsciousness. The prompt recovery in most cases of concussion 
makes this hypothesis untenable. Rahm,"*® however, applies this line 
of reasoning to the cell particles forming nervous tissue. Protoplasm is 
an emulsion containing, among other things, lipoids, large protein 
molecules and electrolytes suspended in a watery base. These particles, 
having different specific gravities, take up new positions relatwely in 
response to the new gravitational field set up by the violent movement 
of the brain in toto (Felizet) which invariably follows a severe impact. 
Until these particles resume a normal equilibrium in the earth’s gravi- 
tational field, the cells cannot function. Thus the generalized paralytic 
conditions seen in concussion are explained. This is purely hypothetic, 
but is apparently in accord with physical possibilities. Examination of 
the active cells, vitally stained, shows the particles of the protoplasm in 
constant movement. This, however, does not altogether rule out the 
possibility of Rahm’s hypothesis being correct to a certain degree. 

Trendelenburg denied that concussion is caused by anemia, sug- 
gesting that the unconsciousness is caused by a physiologic loss of func- 
tion of nerve cells, which corresponds closely to that produced b}' 
narcosis. I would suggest, however, that narcosis is invariably due to 
a chemical agent, usually a lipoid solvent, which apparently reverses 
the polarity of the synapse (Bayliss replacing excitation by inhibition. 
It is difficult to give sound physicochemical reasons for an analog} 
between narcosis and concussion. The one is a chemical effect on the 
synapsis first, the other purely mechanical. 

47, Trendelenburg. F. : Deutsches mcd. Wchnschr. 36:1, 1910. 

48. Bayliss, W. M.: Principles of General Physiologj*, London, Longmans. 
Green &: Company, p. 427, 1920. 



CEREBRAL CONCUSSION* 


G. GAVIN MILLER, M.D. 

MONTREAL 

The present investigation was begun at the suggestion of Dr. Edward 
Archibald, in order to determine the physiologic response of the brain 
to an injufy which might conceivably cause coincident concussion and 
compression. The symptoms of concussion, lasting for some hours, 
might be masked by and have to be distinguished from, those of an 
oncoming compression. This idea was suggested by clinical observation 
of certain patients suffering from severe cranial injury, in whom it was 
found that death supervened with a blood pressure, a pulse rate and a 
respiratory rhythm which remained approximately normal until near 
the end. The hypothesis which, in his conception, might explain such 
unusual behavior on the part of the vital centers, consisted in the assump- 
tion that the well-known opposite effects of concussion and of com- 
pression were neutralizing each other; that the raised blood pressure, 
slowed pulse rate and deepened respiration of compression were brought 
approximately to normal by the antagonistic concussion effects of low 
blood pressure, rapid pulse rate and hastened, shallow breathing. 

In the original few experiments of this research I aimed at establish- 
ing, first of all, the effects of pure concussion in the dog and in the 
cat as a necessary preliminary to later experiments in which I contem- 
plated the addition of more or less simultaneous compression lesions. 
This was the more necessary in that there admittedly exists, in spite of a 
considerable body of experimental work, a great deal of indefiniteness, 
not to say confusion, in the actual Icnowledge of concussion, particularly 
as to its physiology and pathology. 

It may be said at the outset that these latter experiments designed 
to elucidate the original hypothesis have been postponed for the time 
being, because it soon became obvious that our ideas of concussion itself 
must be more definite, and there must be a much more general agreement 
than at present exists. Consequently, the work here recorded represents 
an attempt at establishing the essential pathologic and plwsiologic founda- 
tion of pure concussion. 

Concussion is a clinical term applied to a condition following injury 
of the head. Originally it was broad in its scope, so broad that Galen ^ 

* From the Department of Pl^siology and E.\perimental Medicine, ilcGill 
University. 

* The expenses of this research were defrayed in part by a grant from James 
Cooper Fund of McGill University for research in E.\perimental Medicine. 

1. Galen, quoted by Polis, A.: Rev. dc chir. 14 : 273 , 1894. 
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2. Electrical current on the medulla oblongata. 

(a) A weak induction current. 

(I?) Galvanic current of 120 volts. 

3. Direct mechanical pressure on the medulla oblongata. 

4. Cerebral anemia. 

The striking similarity in the alterations in blood pressure cur\^e 
and respiratory rhythm produced by these different means readily shows 
the impossibility of demonstrating the etiolog}’’ of concussion by these 
methods. 
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Fig. 1. — Respiratory and blood pressure changes following a severe blow on 
the head of a cat. Xote arrest of respiration with an immediate fall in blood 
pressure, followed by a rise. 


Experiment 1. — Effect of severe blozvs on the head. 

A well nourished cat was used for this experiment. The first blow was 
delivered on the head with a wooden mallet weighing 175 Gm. The blow was 
moderateh' severe but did not produce any marked changes in blood pressure, 
although a slight rise was evident with a deep respirator}' effort. Tw'o set ere 
blows were now' inflicted on the head of the same animal with a metal ma ct 
weighing 400 Gm. Respiration immediately stopped, with a sudden fall of blw 
pressure and arrest of the heart action. The blood pressure changes alter 
the recovery of the immediate fall shown in figure 1 are essentiall} those 
following arrest of respiration in asphyxia. 
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patients who die of injury of the head, autopsy practically always shows 
numerous contusions and petechial hemorrhages in the brain. The 
majority of investigators have concluded that concussion and contusion 
are synonymous. Rare cases, however, have been reported in which 
postmortem examination did not show any gross lesion. Such deaths 
occur almost instantaneously at the moment of the accident. When 
death occurs later,' autopsy always shows lesions caused by contusion. 
If the foregoing restricted definition of concussion is accepted, the 
latter cases must be considered as cases of concussion plus contusion. It 
is consequently unnecessary to endeavor to analyze the sjonptoms of a 
mixed condition of concussion and contusion in a study of concussion. 
The symptoms of concussion are immediate and generalized; those of 
contusion, progressive and tending to localization. Such a conception 
eliminates a great deal of the pathologic and physiologic research which 
has been made concerning concussion, as this research has been based on 
an investigation of both concussion and contusion. Nevertheless, I shall 
review this work, as such a review will show the need of a general agree- 
ment concerning the definition, and will also be useful later in showing 
that the term concussion should be limited to designate the condition 
which is the immediate result of an injury of the head from which the 
patient gradually recovers or which results in immediate death. Work- 
ing on this fundamental conception, I shall offer evidence to explain the 
etiology of concussion, its relation to the symptoms resulting from the 
effects on the medullary centers, and the relation of concussion to 
contusion, 

SYMPTOMS OF CONCUSSION 

Concussion is always caused by an impact on the head, resulting in 
immediate unconsciousness. Light blows on the head often cause 
transient vertigo, grogginess, “sparks before the eyes” and similar symp- 
toms but such a condition is of little clinical interest and appears to be 
largely the result of a mechanical stimulation applied to the central 
. nervous system by means of the blow. Immediate unconsciousness is 
generally accepted as the constant s)nnptom in concussion. The symp- 
toms of concussion are mainly referable to the cortex, to the medullary 
centers and to a certain degree to the proprioceptor system, especial!}'’ 
the labyrinth. It is presumably the stimulation of the labyrinth which 
results in the vertigo following the transient unconsciousness. The 
cortical symptom is the immediate, generalized paralysis of the psychic 
areas, while the medullary symptom depends on the severity of the 
blow, and is either stimulation or inhibition of the bulbar centers, which 
causes changes in the blood pressure, pulse rate and respiratory rhythm. 

Cases of concussion are rarely seen by a trained observer from the 
moment of onset, Gussenbauer's ^ classic case has not this disadvantage 

4. Gussenbauer, quoted by Archibald, E. : Am. Pract. Surg., ed. by J. D. 
Brj'aiit and H. Buck, New York, Winiam Wood & Company 5:147, 1908. 
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blood pressure and slowed pulse rate. If this conception is accepted, the 
differential diagnosis of injury of the head becomes comparatively simple, 
and the factors conceimed in the causation of symptoms can be anal 3 'zed. 

RELATION OF CONCUSSION TO CONTUSION 

A review of the literature dealing with the question of the relation- 
ship of concussion and contusion shows a great divergence of opinion. 
Further experimental evidence is required to settle the question as to 
whether concussion can occur without accompanying gross lesions. 
Experimental evidence will be given later to support this view. 

Boirel,® in 1677, was the first to suggest tliat some cases of injury 
of the brain were so transient that accompanying lesions of the brain 
could be excluded. This opinion found marked support in the obser- 
vations made at an autopsy performed by Littre ® on a young man who 
died instantaneously on throwing himself, head first, against a prison 
wall. Littre did not find any microscopic contusions nor intracranial 
hemorrhages. Others, Sabatier," and Boyn,® and Mourier ® gave 
similar negative reports. The diagnosis of concussion thus became 
limited to those cases which did not show any gross lesions. A reversal 
of opinion soon occurred, when more careful microscopic observations 
on the part of better trained men persistently revealed the finer lesions 
of contusions. Ferrari,^® working in Kocher’s laborator)^ showed that 
in the flinging movement of the brain in response to severe blows on 
the head, the soft brain struck the bony covering with sufficient force 
to break small glass ampules buried in the brain tissue at a depth of 
5 mm. Kocher,^^ on this evidence, concluded that concussion and con- 
tusion were synon}anous. Fano considered the symptoms in injur}’- 
of the head due to contusion, not to concussion. Alquie^® wrote 
“la commotio comme lesion differant essentiellement de la contusion est 
une invention imaginaire.” Pirogoff “ and Beck always found gross 

5. Boirel: Traite des plaies de tete, 1677. 

6. Littre Acad. roy. de sc. de Paris, 1705, p. 54; quoted by Polis, A.: 
Rev. de chir. 14:274, 1894. 

7. Sabatier: Med. Operat. 2:400; quoted by Miles, A.: Brain 15:154, 1892. 

8. Boj'n: Theses de Paris, no. 4, 1818. 

9. Mourier: Theses de Paris, no. 119, 1834. 

10. Ferrari, reported by Kocher, in Nothnagel: Spezielle Pathologic und 
Therapie. Hirnerschiitterung, Vienna, Alfred Holder, 1901, p. 320. 

11. Kocher. T., in Nothnagel: Spezielle Pathologie und Therapie, Hirner- 
schiitterung, Vienna, Alfred Holder, 1901, p. 267. 

12. Fano: Mem. sur la commot. du cerveau, Mem. Soc. de chir. 3:163, 1853; 
quoted by Polis, A.: Rev. de chir. 141:278, 1894. 
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Fig. 6 . — Effect of a current of 120 volts on the medulla. Note the immediate 
paralysis of respiration with stimulation of the vagus and vasomotor centers. 
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Fig. 7. — ^Effect of 120 volts of direct current applied to medulla with recovery 
of respiration. 
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ing,®® Trotter,®" Hutchison and others make similar statements. 
Savory,®® while denying the occurrence of death in these cases without 
accompanying gross lesions, says that the effects must be due to the 
shock of the violence rather than to the lesions. Since this question 
remains in doubt, I will give experimental evidence later to support the 
original assumption that concussion and contusion are separate and 
distinct clinical entities, frequently associated, but with very different 
symptoms and prognosis, except in borderline cases. 

HYPOTHESIS RELATING TO THE ETIOLOGY OF CONCUSSION 

Many hypotheses have been promulgated in regard to the etiology 
of concussion, none of which have been universally accepted. Following 
the work of Boirel and Littre, Petit suggested that concussion was 
due to the vibrations set up in the skull by the blow and transmitted to 
the brain. This so-called “vibration theory” found wide acceptance, 
but was disproved by Alquie who demonstrated that the brain did not 
vibrate under these conditions but moved as a whole. This fact has 
been amply confinned since that time by Cushing,®^ Cannon ®® and others. 

Felizet ®® first demonstrated that a blow on the skull caused a 
diminution of the intracranial volume by dropping a blackened skull 
filled with paraffin on a hard floor. A large round or oval blackened 
area was made on the floor and the paraffin showed an area of indenta- 
tion. The cranium, possessing a considerable degree of elasticity, 
responds to violence by bending inward. Stromeyer was the first to 
suggest that this lessening of the volume of the cranial cavity forces 
out the fluids in the skull, thus leading to cerebral anemia which results in 
concussion. This hypothesis is still widely accepted. Trotter,®^ in 
1925, discussing various hypotheses, says: “We can accept none of 
these hypotheses as a substitute for that which regards cerebral anaemia 

26. Cushing, H. : Surgery of the Head, in Surgery, ed. by W. W. Keen, 
Philadelphia, W. B. Saunders Company 3:182, 1908. 

27. Trotter, W. : A. System of Surgery, ed. by. C. B. Choyce, London, Cassell 
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29. Savory, W. S. : St. Barth. Hosp. Rep. 5:72. 1869. 

30. Petit, J. L. : Traite des maladies chirurgicales, Paris 1:1774; quoted by 
Polis, A.: Rev. de Chir. 14:275, 1894. 

31. Cushing, H.: Am. J. M. Sc. 124:375, 1902; 125:1017, 1903; Bull. Johns 
Hopkins Hosp. 12:290, 1901. 
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The striking similarity of these results is readily apparent if they 
are compared with similar tracings showing the effects of complete 
cerebral anemia (fig. 13) and of asphyxiation (fig. 14). 

These tracings appear to show that the marked blood pressure 
changes produced when respiratory arrest is caused by any means are 
due to asphyxiation. The respiratory center is always the first to be 
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Fig. 10. — Effect on the intracranial pressure of 350 Gm. falling on the dura 
from a height of 3 inches. Note the immediate rise of intracranial pressure due 
to the movement of the brain, also the gradual rise due to the resulting edema 
(Cannon “) . 


paralyzed. With mechanical effects not severe enough to paralyze the 
respiratory center, a marked stimiilatiojt of respiratory movements 
occurs: further, there is an immediate fall of blood pressure, shown b\ 
Kocher to be due to vagus stimulation. He pointed out that this fall 
did not occur when the vagus had been sectioned previously. Tins 
sudden fall soon gives way to a rise of blood pressure, due to earl> 
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lauer,^* Duret,^® Koch and Filehne arrived at very diflterent 
conclusions. 

For instance, the opposite conclusions of Koch and Filehne-® are 
most striking. They produced concussion by means of repeated light 
blows in place of the single severe blows used by most other investi- 
gators. Repeated light blows would not alter the conformation of the 
skull to a degree sufficient to cause cerebral anemia, but might, through 
summation of effect, cause an effect on the central neiA-ous system 
similar to that caused by a single severe blow. These investigators con- 
cluded that concussion was the result of molecular disturbance or 
“ebranlement.” Bergmann supported these conclusions, and the h3'po- 
thesis received considerable popularity. By molecular disturbance they 
evidentl)"^ meant that concussion was due to a direct mechanical effect on 
the structural equilibrium of the cells. 

Brief mention must be made of Duret's ^® theory of cerebrospinal 
shock as the cause of concussion. Duret forced fluid into the lateral 
ventricles to reproduce the sequence of events in the skull following 
the appearance of the zone of indentation caused by a blow. This 
lessening of the volume of the skull raises the intracranial pressure so 
that the cerebrospinal fluid in the ventricles is forced violent!}* through 
the aqueduct of Sylvius. It then is supposed to impinge on the floor of 
the fourth ventricle, and to cause the minute contusions and petechial 
hemorrhages so often found in the region of the aqueduct in persons 
dying from the results of injur}’- of the head. Duret produced similar 
lesions in his experiments, and considered these lesions as the pathologic 
basis of concussion. The parai}^;^ symptoms of concussion were due 
to reflex anemia, the wave of cerebral spinal fluid stimulating the resti- 
form bodies which caused reflex contraction of the intracranial blood 
vessels. Miles,*® after a series of experiments of a similar nature, later 
supported Duret’s work. He considered, further, .that the scattered 
petechial hemorrhages so often found in persons dying of concussion 
were due to pressure changes on the arterioles caused by this sudden 
rush of cerebrospinal fluid. This produced rupture of the tliin-walled 
vessels. As opposed to this tlieoi}', Tilanus and Deucher were able to 
produce experimental concussion after aspirating the cerebrospinal fluid. 
Kocher ** later demonstrated lesions in a patient who had not suffered 
a primary loss of con.sciousness similar to those described by Duret. 
These experiments, together with the difficulty of considering the results 
of a blow causing concussion as similar to the increase of intracranial 
pressure produced by Duret, have led to the abandoning of his hypo- 

44. Breslauer: Beitr. z. klin. Chir. 121:590. 1921. 

45. Duret: .A.rch. de physiol., 1874, p. 320; quoted by Tilmann: Arch. f. 
klin. Chir. 59:239, 1899. 

46. Deucher: Deutsche Ztschr. f. Chir. 35:145. 
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The conclusion drawn from these results is that a mechanical effect, 
such as concussion appears to be, if of a moderate degree, will stimulate 
the medullary centers, but if of sufficient severity will tend to paralyze 
them. Von Bergmann has stated that mild degrees of concussion are 
always accompanied by a slower pulse rate and a rise of blood pressure 
with a somewhat greater respiratory effort, which is evidently a mechani- 
cal stimulation of the centers concerned. Ferrari has shown that in the 
movement of the brain following an impact on the head there is consider- 
able mechanical violence to the brain, Gussenbauer’s case, cited above, 





Fig. 12. — Effect of 12 cc. of physiologic sodium chloride forcibly injected into 
the cisterna magna. Note the similarity of the blood pressure changes to those 
in asphyxia. 

exemplifies this mechanical effect of a sufficient severity to paralyze the 
respiratory center temporarily. The arrest of the heart was evidently 
due to vagus stimulation inhibiting the heart action. Thus mechanical 
violence alone could readily produce the symptoms seen in concussjon. 
Cerebral anemia acts in precisely the same manner; moderate anemia 
stimulates the medullar}’ centers, while severe anemia paralyzes the 
respirator}’ center. Study of the blood pressure and respiratory changes, 
therefore, will never assist in explaining the place of anemia in the 
causation of concussion. As there is experimental evidence that anemia 
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MEDULLARY EFFECTS IN CONCUSSION 

The confusion concerning' the ph3^siologic and pathologic basis of 
concussion is thus evident. Careful examination of the experimental 
methods adopted by past investigators in the study of concussion shows 
that in most cases a general anesthetic has been used. This obscures 
the predominant symptom of concussion, namely that of immediate and 
complete unconsciousness. Further, cats, dogs and rabbits have been 
used for most experiments. As these animals, belonging to a much 
lower order in the scale of evolution than man, depend to a much 
greater degree on spinal reflexes, the results of injury of the head might 
correspondingly be different. Again, most investigators have carefully 
recorded the blood pressure, the pulse rate and the respiratory rh)dhm, 
noting the changes produced by blows on the head, and have drawn con- 
clusions from them. The vast majority of mild cases, however, show 
very slight if any medullary effects while the severe cases show an 
immediate arrest of respiration with stimulation of the vagus and 
vasomotor centers. In the present investigation many of the experiments 
of previous workers were repeated, but it soon became evident that little 
could be gained from such methods. To cause medullary effects, the 
blows are necessarily sufficiently severe to cause coincident contusion 
and hemorrhage. The medullary effects produced are those of stimu- 
lation or inhibition of the bulbar centers. Thus any agency which will 
stimulate or inhibit these centers, produces changes similar to those 
produced by blows on the head. The onset of concussion consequently 
cannot be judged from changes in the blood pressure, the pulse rate or 
the respiratory rhythm. 

EXPERIMENTAL INVESTIGATION OF MEDULLARY EFFECTS UNDER 

VARYING CONDITIONS 

In the following experiments, the work of several previous investi- 
gators was repeated in order to judge the value of blood pressure changes 
and alterations in the respiration and pulse rate in the demonstration of 
the physiologic and pathologic changes in varying types of injury of the 
head. Dogs and cats were used and were anesthetized with either ether 
or amytal. The respiratory rhythm was recorded through a tube inserted 
in the trachea, one of the arms of which connected with a writing lever 
resting on a tambour. The blood pressure was recorded in the usual 
manner by connecting a cannula placed in the carotid to a mercury 
manometer, on one arm of which floated the writing pointer. Com- 
parison was made of the medullar}' effects produced by the following 
agencies. 

1. Blows on the head. 

(a) Single severe one. 

(&) Repeated light taps. . 
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may have a place in the causation of concussion (Cannon, Felizet), and 
as it is generally recognized that cerebral anemia will produce paralytic 
conditions similar to those occurring in concussion, it is necessary to 
show conclusively whether sudden anemia will or will not produce 
immediate unconsciousness. The inbending area of the elastic skull 
following a blow which forces out the fluids from the skull will immedi- 
ately spring out again. Any anemia, therefore, must be exceedingly 
transient, certainly less than one second in duration. It seems improbable 
that an anemia of such a short duration could cause such widespread 
paral3dic symptoms. All the cells of the central nervous tissue are not 
adjacent to capillaries, and these cells could hardly be affected by such 
a transient anemia. Further, it has never been demonstrated, and seems 
very unlikely, that in the frequent cases of the “knock out” blows the 
indirect force of the blow on the base of the skull can cause a sufficient 
diminution in the size of the cranial cavity to squeeze out the fluid 
contents. It, therefore seems, a priori, very unlikely that cerebral 
anemia is the cause of concussion. The following experiments give 
considerable support to this contention. 

CEREBRAL ANEMIA PROBABLY NOT CAUSE OF CONCUSSION 

Experiment 1. — Concussion in the heartless frog. 

The heart is removed from a frog under light general anesthesia. On recovery 
from the anesthesia the frog appears to be conscious. If it receives a sharp blow 
on the head, a condition arises which appears to be analogous to concussion. The 
frog lies on its back, without moving and all reflexes are lost. In a few moments 
it recovers and rights itself and all reflexes return. A blow on the head of the 
normal frog produces a similar condition analogous to that of concussion in man. 

Experiment 2. — Complete cerebral anemia in the rabbit zvithout loss of 
consciousness. 

Under a local anesthetic (procaine hydrochloride), the sternum is opened in 
the midline, care being taken not to open the pleura. The ascending aorta is 
dissected out, and clamped for periods of from 1 to 7 seconds. It is evident that 
this will produce an immediate anemia of much longer duration than that pro- 
duced in concussion. The animal in this case does not lose consciousness. 
Immediately on putting it on its feet, it struggles and gives all signs of being 
conscious. Trapping experience shows that when rabbits are given a sharp blow 
on the head they immediately lose consciousness for several seconds. Concussion 
can therefore readily be produced in rabbits by means of blows on the head, but 
not by transient cerebral anemia of five seconds’ duration. 

These experiments show that in both the frog and the rabbit, though 
a condition exactly simulating concussion can be produced readily, it is 
not the result of cerebral anemia. A transient cerebral anemia even of 
five seconds’ duration does not produce unconsciousness. It is evident, 
then, that these experiments confinn the arguments stated above, that 
cerebral anemia is not the cause of concussion. In earb* experiments 
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ExPERiiiEXT 2. — Effect of repeated light blozes on the head of aitimals. 

This experiment was based on tliose of Kodi and Filelme. Dogs were used 
under amytal anesthesia. The repeated light blows, inflicted with a light wooden 
mallet produced marked stimulation of the bulbar centers as seen in the deep, 
rapid respirations and rising blood pressure. There ^\'as also slowing of the 
pulse rate, evidently due to stimulation of the vagus center. When these blows 
were continued over a long period, respiratorj* paralysis finally occurred. With 
the arrest of respiration, the pulse rate and blood pressure curve (figs. 3 and 4) 
followed changes almost similar to tliose noted in the previous experiment (fig. 1 ) 
although there was not the marked initial rise in the blood pressure. This was 
evidently due to the fact that the vasomotor center had been stimulated b\' the 
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Fig. 2. — Respiratory and blood pressure changes following a severe blow on 
the head of a cat. 


blows from the outset of the experiment, and was not capable of further stimula- 
tion by the increasing H-ion concentration resulting from this secondary 
asphyxiation. 

Experiment 3. — Effect of electrical stimulaiion of the medulla. 

A dog was used under amytal anesthesia in this experiment. The medulla was 
exposed by removal of the atlanto-occipital ligament. Stimulation of the medulla 
with a weak induction current produced marked stimulation of the respiratory 
center with a fall of blood pressure soon followed by a rise (fig. 5). When a 
current of 120 volts was allowed to flow through the medulla there was an 
immediate fall of blood pressure followed by a brief rise which soon fell to zero. 
Analysis of this curve (figs. 6 and 7) again shows a similarity to that produced in 
asphyxia. 
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thrown against the bony covering on the opposite side (contre coup). 
With the narrowing of the diameter of the skull caused by the zone of 
indentation, the brain may be nipped between the two sides of the 
cranium. It is possible that, as Duret suggested, the spinal fluid is 
forced down the narrow aqueduct of Sylvius, causing the. lesions so fre- 
quently found in patients dying from injuries of the head. Thus it is 
that cases of injury of the head rarely come to autopsy without showing 
some gross lesion of the brain. Theoretically, ' however, concussion 
alone can kill, when death due to respiratory paralysis will be practically 
immediate, that is, will occur during the first ten minutes. Deaths 
occurring after the lapse of some hours are due to contusion, hemor- 
rhages or the results accruing from these, such as edema. 

Experimentally, however, it has never been demonstrated that con- 
cussion can be produced in animals without the accompaniment of 
gross lesion. The following experiments were devised in order to 
support the arguments advanced above. Trypan blue injected intra- 
venously stains all the tissues, except those of the central nervous tissue, 
a deep blue. Should there be any inflammatory reaction of the central 
nervous tissue, or an)' gross lesion, that area will also take on the deep 
blue stain. This would appear a useful method of showing distinctly 
whether concussion can be produced without the presence of a gross 
lesion. 

Experiment 1. — Two rabbits were used for this experiment. The first one 
was given general ether anesthesia. After trephining the skull, a fine needle was 
inserted into the cortex, the operation being conducted with aseptic surgical 
technic, A normal rabbit was then given a blow on the head of sufficient 
severitj’ to cause unconsciousness of short duration. The blow was dealt with 
an instrument made by filling a thick rubber tube with lead shot, as such an 
instrument would be less likely to cause hemorrhages and contusions. The uncon- 
sciousness was presumed to be a condition analogous to concussion in man. In 
rabbits recovery from concussion is rapid. Within a minute the animals move 
about natural!}' and take food just as before. On each of the following three 
days, 20 cc. of a 1 per cent solution of trypan blue in physiologic sodium chloride 
was injected intravenously. On the fifth day the rabbits were killed and 
the brains hardened in situ b}' the injection of 50 cc. of a 10 per cent formaldehyde 
solution into the carotid artery. After forty-eight hours, the brains were 
removed and examined. In the rabbit in which the needle had pierced the cortex, 
a deep blue area in the cortex showed clearly where the needle had entered. This 
was surrounded by an area of pale blue to which, apparently, the inflammatory 
reaction had extended. The brain of the animal which had received the blow on 
tlie head, was without the stained area, neither were there any hemorrhages 
present, either subdural or scattered through the brain. 

These experiments were repeated several times. Wherever the brain 
was damaged, the damaged area took up the stain and was colored a deep 
blue. The brains of animals which had suffered from concussion did not 
take the stain. Some of these animals showed subdural hemorrhages, 
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Experiment A.— Effect of iveight falling on the dura. (Yioclr.'d 
of Maassland and Saltikoff.) 

A large dog was used under ether anesthesia. Two holes -.vere trephhiei in rl'.e 
skull, one on either side. Into one was screwed, in air-tight fashion, a.-: h;stmn:tr-: 
for recording the rise in intracranial pressure. The rubber membrane orer the 
end of the inner tube rested directb' on the brain. The other end of the tute 
was connected with a piston recorder. A long brass tube v.-as screwed into the 
other hole, protected from resting on the dura by a brass flange. The dura cn 
this side was not incised. A known weight could thus be allowed to fan down 
this tube on to the dura from any height, and the effects on the intracranial pres- 
sure were noted. When a weight of 350 Gm. was allowed to fall from a ^=ght 
of 6 inches, respiratory and vasomotor stimulation occurred (Sg. Sj. inerc 
was an immediate slowing of the pulse rate due to vagus stimulation. When 



Fig. 5.— Effect of a weak induction current on the medulla. Note the marked 
stimulation of the bulbar centers. 


the weight was allowed to drop from a height of 27 inches, of 

of respiration, with . blood Pre-- SirtSat^M tvhich 
asphyxia when the blood pressure had recovered f immediate rise and fall 
courted (% 9). The *'• 

due to the movement of the brain (fig. 10). ■ine PsuUing from the trauma 
as shown by Cannon, which he ascribed to the e J. hemorrhages, 

to the brain tissue, though it may be in part due to re 


Experiment S.— Direct mechanical effects on were produced 

Dogs were used under ether anesthesia. The mec pii 3 -siologic 

by injecting saline solution into the cisterna of the bulbar centers 

sodium chloride at 37 C. were injected, marked s i • ^ forcibly injected in a 
occurred (fig. 11); When 12 cc. of this ‘ center occurred. There 

similar manner, immediate paralysis of the '^^^^'/gmved bv changes similar to 
"■as, first, a slight fall of blood pressure, soon 
those produced in asphxia (fig. 12) • 
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mild current is stimulating, that of severe ones, paralytic. A mechanical 
force, suddenly changing.the pressures about the cells, may also disturb 
the equilibrium. The activity of cells depends on the equilibrium of 
the i^hysicochemical state of the cells atid of their environment. 

The sudden violence with its rapid increase of pressure and quickly 
changing gravitational field might conceivably disturb this equilibrium 
and so cause temporary loss of function. Rahm has suggested that in 
response to the new gravitational field, the equilibrium of particles of 
different specific gravity will be disturbed. With this temporary dis- 
turbance of the physicochemical and gravitational equilibrium a loss of 
cell function might occur which, being generalized over the whole 
cerebrum, would cause the transient unconsciousness so typical of con- 
cussion. The medulla, being well protected by its position, would be 
saved from the greater part of this disturbance, and so paralysis of the 
medullary centers would be rare, as is actually, the case. 

Thus concussion readily lends itself to an etiologic explanation on 
purely mechanical grounds. Cerebral anemia is not involved. Con- 
tusions, though also mechanically produced, represent a more advanced 
lesion in that actual cell death is caused. Thus concussion is an immedi- 
ate, transient, loss of consciousness with or without cell death, caused by 
the direct action of mechanical violence on the cells of the brain, and 
with no direct causative relations to cerebral anemia. It is distinct 
and separate from contusion or hemorrhages, whether minute or large 
and diffuse. 


CONCLUSIONS 

1. Concussion is immediate in onset, and tends to spontaneous 
recovery without sequelae. 

2. Concussion must be sharply dilTerentiated from all gross lesions, 
such as contusion and multiple petechial hemorrhages. 

3. The most important symptom of concussion is complete uncon- 
sciousness with or without medullar}^ symptoms. 

4. Cerebral anemia is not a factor in the causation of concussion. 

5. Concussion appears to be due to direct mechanical action on the 
cells which causes a disturbance of cell equilibrium and temporaiy loss 
of function. 

6. The medullary effects are those of stimulation or paralysis of the 
respiratory, vagus and vasomotor centers. 

7. The respiratory center is the first to be pai'iilyzed. As this is 
usually a temporary paralysis, artificial resjjiration may save life, 

S. Death from concussion is immediate and is due to respiratory 
paralysis with consequent asphyxia. 
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Fig. 8. — Effect of a weight of 350 Gm. falling on the dura from a height of 6 
inches. Note the respiratory and vasomotor centers show stimulation. 
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Fig. 9. — Effect of a weight of 330 Gm. falling on the dura from a height of 27 
inches. Note immediate respiratory paralysis with a tall in blood pressure fol- 
lowed by a sharp rise, then a second slow fall to zero. 
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evagination consists at first only of entoderm, but it fuses later with 
mesoderm. The epithelial lining of the air passages springs from 
entoderm, while the basic structure springs from mesoderm. The 
trachea is the elongated stalk of the pulmonary system. At an early 
period, two dorsoventral ridges appear at the junction of the trachea 
with the esophagus. Interference of mesoderm with entoderm at this 
site would explain the causation of fistula. 

EEPORT ■ OF CASE 

History. — ^J. G., a girl, aged 5 hours, was admitted to the hospital on July S, 
1926, at 1 a. m. on the morning of its birth. The reason the child was admitted 
was that its mother, a graduate nurse, aged 24, had a retained placenta. This 
was her first pregnancy, and, except for the retained placenta, she had a normal 
delivery. There was no history of malformations or anomalies in the families of 
either parent. On the morning of admission the child became cyanotic at intervals, 
but these cyanotic attacks bore no relation to its attempts at feeding. It would 
not take nourishment, and there was considerable mucus in its throat which- had 
to be aspirated at times. It passed a great deal of meconium. Attempts to feed 
the baby with a medicine dropper the following day were fruitless, and it was 
then fed by rectum. 

Physical Examination . — The patient, a fairly well developed infant with slight 
icterus, who weighed 5 x>ounds and 14 ounces (2,665 Gm.), did not make any 
effort to cry when awakened or molested. Mucus was coming from its mouth. 
The temperature was normal. The results of general physical examination at 
this time were negative, except that a faint murmur was heard over the mitral 
area. From the history of the case and from the child’s actions in the hospital, 
a congenital esophageal obstruction was suspected, and the infant Avas taken 
to the fluoroscopic-room where a catheter was passed and a plate study made. The 
report by Dr. P. B. Mulligan was as follows: 

In view of the clinical suspicion of a possible esophageal obstruction, a small amount of 
barium milk mixture was given the baby by mouth under fluoroscopic observation. The mixture 
descended only about as far as the suprasternal notch when it ‘was regurgitated. Next a small 
catheter was passed through the nose into the esophagus; the catheter could be passed to about 
the level of the third rib anterior where it met w'ith an obstruction; when force was exerted, 
the catheter coiled upon itself, forming a loop about 2 cm. in diameter. With the catheter in 
the esophagus some of the barium milk mixture was allowed to run into the catheter; this 
mixture collected in a pouchlike enlargement of the esophagus, the lower border of which was 
on a level with the third rib anterior; this enlargement was about 2.S cm. wide and 3.5 cm. long; 
its borders were smooth in outline and extended posterior to the esophagus proper. Observation 
two hours later showed that none of the barium had entered the stomach; there was no barium 
in the lungs. 

Roentgen-ray Diagnosis: Congenital atresia of the esophagus with congenital diverticulum. 
This patient, it was noted, had thirteen ribs on each side. 

Immediately after this report was made, the- child was prepared and taken to 
the operating room; under local anesthesia, the abdomen was opened through a 
higli left rectus incision, and the stomach was e.xposed. It was impossible to pass 
a catheter through for bouginage because of the atresia of the esophagus. After 
a Weitzel gastrostomy had been performed, the child was returned to its room, and 
despite all efforts to save it, died that night from the shock of the operation, which 
was aggravated by its debilitated condition. 

.'lutof’sy . — Consent for partial autopsy was granted, and the following facts 
were noted: The child had a double uterus. The esophagus ended blindly in a 



MILLER— CEREBRAL CONCUSSION 


909 


vagus escape when the stimulation of the vasomotor center becomes 
apparent. The results are the same whether the agency affecting the 
medulla is mechanical, electrical or nutritional. Cushing has shown that 
cerebral anemia produces stimulation of the vagus and vasomotor 
centers. All these agencies stimulate when of moderate degree. 
Stimulation, however, changes to inhibition, or paralysis, if the external 
agency is too severe. First, the respiratory center is paralyzed and a 
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Fig. 11. — ^Effect of 10 cc. of physiologic sodium chloride injected into tlic 
cisterna magna. Note the immediate fall of blood pressure followed by a rise, 
also the respiratory stimulation. 

condition of asphyxia exists. Maassland and Saltikoff were able to 
paral3’ze the vagus and vasomotor centers, together with the re.spiratorv 
center, bv placing heav\* weights on the dura. This seems possible, 
though this effect has not been obtained in any of the numerous experi- 
ments carried out in the present research. The vasomotor center would 
appear to have an extraordinary resistance to violence. 
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diverticulum about 3 cm. below the pharynx. The lower portion of the esophagus 
ended blindly above and did not communicate with the diverticulum. A probe was 
passed from the stomach through the esophagus. It made its appearance in the 
trachea and emerged in the larjmx. The cyanotic spells were explained on the 
basis of gastric secretion being eructated through the esophagus and by means of 
the fistula into the trachea. 

CONCLUSIONS 

1. Congenital tracheo-esophageal fistula is a rare diagnosis and is 
usually based on postmortem observations. 

2. The divei'ticulum is easily demonstrated by the roentgen ray. 

3. Tracheo-esophageal fistula must be considered as a cause for 
cyanosis in infants. 

4. The development of this anomaly is based on embryologic 
considerations. 
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Fig. 13. — ^The effect of complete cerebral anemia on the respiratorj-, vasomotor, 
and vagus centers. (From Hill: Cerebral Circulation.) 



Fig. 14. — Effect of asphyxiation on blood pressure: when the venous pressure 
curve crosses the arterial pressure curve the pulse pressure increases, and the 
blood pressure remains constant for a few moments. This also occurs with 
respiratory paralysis, produced by blows, electricity currents and mechanical 
pressure. (From Halliburton: Textbook of Physiology.) 
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a Benedict spirometer with the graphic recording device. Arterial blood was 
obtained by puncture of the left ventricle or femoral artery; venous blood, by 
puncture of the right ventricle. The ox 3 'gen and carbon dioxide contents of the 
arterial and venous blood were determined. The circulatory minute volume was 
calculated from the Fick formula: 

Cc. O2 consumed per minute Number of cc. of- blood 

flowing through lungs per 

Amount O2 taken up in lungs hy 1 cc. of blood minute. 

pn determinations were made by the method of Hastings and Sendroj\* 

Ether anesthesia was then administered through an open cone, usually until 
the lid reflexes were abolished. The cardiac output was again determined. The 
method of Austin" was emplo 3 'ed for determining the carbon dioxide content in 
the presence of ether. 

In three of the five animals, the anesthetic was discontinued immediately after 
this determination, and alkali was injected intravenously. In the remaining two 
animals, alkali was injected while the anesthetic was continued, but to a lighter 
degree. Further determinations were made at variable intervals on the effects 
of alkali injection on cardiac output of dogs that were anesthetized previously 
and also on the output of the heart while the anesthetic was carried to approxi- 
mateb' the same degree as that used in the control period. The alkali which was 
employed was normal sodium carbonate, and the amount varied from 40 to 100 cc. 

RESULTS 

The animals remained quiet throughout the experiments. The 
changes which were encountered during the control anesthetic period 
(without alkali injection) have been described previously.^ The most 
striking of these were the increased cardiac output, the decreased 
coefficient of utilization, the increased hydrogen ion concentration, the 
decreased carbon dioxide content and, in some instances, the decrease in 
the percentage saturation of the arterial blood. 

The effects of injecting alkali immediately after discontinuing the 
anesthetic were noted in two animals (tables 4 and 5). The cardiac 
output was essentially the same as it had been during the anesthetic 
period. Harrison, Wilson and Blalock ® have reported marked reduc- 
tion in the cardiac output of normal dogs following the injection of 
alkali. It seems likely from the present experiments that the ether 
effect predominates over that of the alkali, and hence accounts for the 
failure of the cardiac output to decrease following the injection of 
alkali. The carbon dioxide content and the fn were increased markedly 
by the administration of alkali. 

6. Hastings and Sendroy: Studies of Acidosis; Colorimetric Determination 
of Blood pn at Bodv Temperature Without Buffer Standards, J. Biol. Chem. 61: 
695 (Oct.) 1924. 

7. .'\ustin, J. H. : Estimation of Carbon Dioxide in Serum in Presence of 
Ether by Van Sh-kc ifethod. J. Biol. Chem. 61:345 (Sept.) 1924. 

S. Harrison. T. R. ; Wilson, C, P., and Blalock, A.: J. Clin. Investigation 1: 
547 (.'Vug.) 1925. 
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dealing with the effect of immediate cerebral anemia produced by ligating 
the carotid and vertebral arteries, it is probable that the four arteries 
were not ligated simultaneously, but that the operation lasted a few 
seconds. Thus the impression was gained that cerebral anemia causes 
immediate unconsciousness (Hill®^). 

THE RELATION OF CONCUSSION TO MICROSCOPIC CONTUSION 
/ 

I have already stated that a great controversy appears in the literature 
on the question of the relation of concussion to multiple contusions and 
petechial hemorrhages, many considering the conditions synonymous. 
If the conclusions reached previously are accepted, it is evident that a 
mechanical force paralyzing cell function need not necessarily be 
associated with cell death. It is evident that the generalized, transient, 
cortical paralysis seen in concussion is not the result of cell death, other- 
wise prompt recovery could not occur. Following contusion or petechial 
hemorrhage, an inflammatory reaction and repair process necessarily 
follow. The immediate symptoms would not, as in concussion, be the 
most severe, but rather the later symptoms would appear gradually with 
the development of reactionary edema and further cell death. The 
lesions would tend to cause a prolonged rise of the intracranial pressure : 
adjacent tissues would suffer from the edema, and so a protracted course 
with increasing severity of symptoms might be expected; further, 
destroyed neurons would not be replaced, but removed, and the lesion 
would be repaired with fibrous connective tissue. Thus sequelae of a 
more or less permanent character would result, unless the contusions 
were restricted to the silent areas. But prompt and complete recovery 
is generally accepted as one of the outstanding characteristics of con- 
cussion. Concussion and contusion can hardly be synonymous, as 
stated by Kocher. 

Concussion can cause temporary paralysis of the respiratory center 
with prompt recovery. There could be no recovery if this damage were 
due to a contusion of the respiratory center. Contusion is synonymous 
with cell death. If the temporary paralysis df the respiratory center 
in concussion is prolonged beyond narrow limits death will 
occur. Thus death can occur in pure concussion. This explains why 
Kramer and Horsley.®® and later Cannon.®® by means of artificial respi- 
I'ation, resuscitated animals in which the respiratory center had been 
paralyzed by blows on the head. 

Death, however, rarely occurs in cases of concussion without the 
added injury of numerous contusions and petechial hemorrhages. The 
medulla is well protected from injury by its position and only severe 
violence will cause immediate, jirolonged. paralysis of the resjiiratory 
cetiler. Ferrari showed how readily contusion of the cerebrum resulted 
from violence to the head. In response to the blow, the soft brain is 
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but they were not constant in position or degree and could not have been 
influential in the onset of the generalized cortical paralysis seen during 
concussion. These experiments demonstrate that concussion and con- 
tusion are not synonymous. 


COMMENT 

It was stated at the beginning of this article that it would be limited 
to an endeavor to establish the fundamental physiologic and pathologic 
basis of concussion. The main factors of confusion appear to lie in the 
difficulty of clearly differentiating concussion from lesions involving 
definite histologic and anatomic changes. Without general agreement 
or a definition of concussion, its scope and etiolog}'. further work would 
appear futile. It has been shown, both by argument and e.xperiment, 
that the term concussion should be used to denote the generalized, 
paralytic effects of an impact on the cortex and medulla, and should be 
distinguished from the term contusion, whether a gross or microscopic 
contusion is meant, and also from the term hemorrhage, whether refer- 
ence is made to a diffuse or petechial hemorrhage. On the other hand, 
the term contusion should be limited to designate those cases in wliich 
destruction of cells can be assumed, and in which there is a tendency 
toward prolongation or aggravation of symptoms. It has been shown 
further that mechanical force, a stimulant when of small degree, can 
act like any other external factor, and paralyze cell function if <jf 
sufficient severity. The widely accepted hypothesis that cerebral anemia 
is the cause of cerebral concussion has been disproved by experiment 
and by argument. If the blood pressure tracing of comi>lcte cerebral 
anemia is compared with that of cessation of resj)iration by blows, it 
is seen that in the former the blood pressure rises immediately while 
the respiratory center shows deep respirations for seven or eight bre;iths 
(fig. 11). The paralysis of respiration due to a severe blow ^>n the 
head is instantaneous, and there is a sharp drop in blood pressure «iue 
to vagus arrest of the heart (fig. 1). This evidence alone would cast 
doubt on the suggestion that concussion is due solely to cerebral anemia. 
The effects of concussion are immediate, while the j)aralyzing effects 
of cerebral anemia are not immediate but develop after five or more 
seconds. Thus it appears that concussion is the direct result of a stidden 
mechanical force on the central ner\'Ous tissue, which ])erbaj)'; is the 
same conclusion at which Koch and Filehne arrived when they suei;< 'ted 
that concussion was due to molecular disturbances or “ebranlemeni." 

To endeavor to understand by what mechanism mechanical force am 
paralyze cell function, is to enter the realm of sjjeculation. It i' known 
that an electrical current which can produce a similar restilt. disturb-: the 
equilibrium of the charged particles. The jjosiiively chargefi i<':>'. for 
example, will be attracted toward the negative pole. The effee: of a 
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Chart 1. — ^The values in table 1 are charted in this figure. The increase in 
cardiac output during ether anesthesia was not so great following the injection of 
alkali as before, but it did not return to the control line. The decrease three 
hours later is shown. Alterations in the output per beat in this experiment 
parallel rather closely changes in the cardiac output. The arterial and oxygen 
contents approached each other during the anesthetic periods, but less closely after 
alkali was injected. The carbon dioxide content decreased with ether alone, and 
increased with alkali and ether. 

In this and in the following charts, time relations are neglected. 




CONGENITAL ATRESIA OF THE ESOPHAGUS 

WITH ESOPHAGEAL DIVERTICULUM AKD TEACHEO- 
ESOPHAGEAL FISTULA 

HERBERT H. HOLDERJIAN, M.D. 
Surgcon-in-Cliicf, Locust lloimtaiii Hospital 

SHKN-AKDOAH, PA. 


The first case report found in the literature according to McClellan 
and Elterich,^ was cited by Thomas = and dated in 1696, Plass'^ 
reviewed the literature in 1917, and found 204 cases up to that year 
Reynolds and Morrison ■* placed the total number of cases at 214 in 
1921. In 1922, Steffen ® and Willard '* each reported another example 
of the anomaly. McClellan and Elterich ^ added another case in 1923. 
A diligent search of the literature reveals only one case since that time — 
a recent case reported by Flood." This case, therefore, appears to be the 
218th case on i*ecord, Rejmolds and Morrison state that only one such 
anomaly has appeared in sixteen years at the Bellevue Hospital. 
Stukowsky and Boran® found only one case in a hospital experience 
covering 50,000 cases. It has been pointed out recently by Brenneman 
that the apparent rarity is probably due to failure in diagnosis, 

EMBUYOLOGIC CONSIDERATIONS 

The trachea and larynx are developed as an outgrowth from the 
entodermal alimentary canal. The first step in the development of the 
pulmonary S 3 'stem is a pouching of the ventral wall of the esophagus 
throughout its entire length. This ventral wall or groove deepens until 
its edges finally meet and fuse. In this manner the groove becomes a 
tube which is separated from the esophag^is, beginning at the gastric 
end and extending toward the pharynx. This separation is not com- 
plete. however, until a bifurcation takes place — the bifurcation or inil- 
monary portion below. The tube above does not as yet separate. The 

L McClellan, R, H,, and Elterich, T. F. : Atre.sia of E.sophag«s with 
Trachcoe.iophagcal Fistula, Am. J. Dis. Child, 26:.373 (July) 1923. 

2. Thomas: Anatomy of Human Body, Epitomized, London, 1/03, 

3. Plass, E. D.: Johns Hopkins Hosp. Rep. 18:259, 1919. 

4. Reynolds, R. P., and ilorrison, W. W. : Congenital ^^aIforlnations of 
E-sophagus, Am, J. Dis. Child. 2I:.339 (-April) 1921. 

5. Steffen. \Y. C. A.: Arch, Pedial. 38:823 (December) 1922. 

6. Willard. H. G.: Congenita! Atresia of Esophagus, J. A. M. A. 78:649 
(March 4) 1922. 

7 . Flood, H. C: Atlantic Af. J, 29:538 (May) 1926. 

8. Stukowsky. \V. P.. and Boran, A. A.: Arch. f. Kindcrh. 58:119, 1912. 
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cent b}" volume higher than that obtained in the study of the effect of 
ether alone, and the same as that during the original control study 
without ether or alkali. The ox}^gen content of the venous blood was 
higher than that found in the control period without ether or alkali and 



Ciiart 3. This cliart shows that the cardiac output was increased markedly 
during ether anesthesia before alkali was injected and slightly increased afterward, 
the oxygen consumption being lower than the control figure in each instance, the 
increased output was counted for by the decrease in the coefficient of utilization. 
.‘\ii acidosis was encountered only in the original anesthetic period. The values 
in table 5 are charted in this figure. 


was lower than that during the original anesthetic period without alkali 
except for the experiment listed in table 3 in which the animal was 
deeply anesthetized. The coefheient of utilization was decreased, and tlie 





Fjg, 1 _A fine catheter inserted through the nose and ending in the esophageal 
diverticulum. The diverticulum is filled with barium. There are thirteen ribs on 
either side. 



Fig. 2,— Posterior view of gross specimen showing the esopliageal diverticulum 
above. The fibrous filaments replace the absence of esophagus and extending from 
the blind end of esophagus IjcIow to the esophageal diverticulum above. Insert 
sho^Ys a cross-.^eclion of the diverticulum and the fistula between trachea and 
esophagus. 
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cardiac output was increased over that during the control period without 
ether or alkali, except for the experiment listed in table 3, and in all 
instances the coefficient of utilization was increased and the cardiac 
output decreased as compared with the figures obtained during ether 
anesthesia without alkali (charts. 1,- 2, 3 and 4). A marked rise in 
both the arterial and venous carbon dioxide content occurred as com- 
pared with the figures for the other two periods, and the H-ion con- 
centration was diminished. • The percentage saturation of the arterial 
blood was not diminished as judged from the oxygen content of the 
arterial blood in all experiments and from determinations of the oxygen 
capacity in one experiment (table 5). There was a decrease in the 
cardiac output per beat in every instance. 

In one experiment, the cardiac output was determined three hours 
after the anesthetic had been discontinued. The cardiac output was 
distinctly less than that during the previous studies. This drop was 
probably due to the depressing effect of alkali after the rise occasioned 
b}' the ether anesthetic had disappeared. 

No measurements of the amount of ether which was used were 
made, but it seemed that less ether was required to anesthetize the 
animals after alkali had been injected, and that the period of recovery 
was prolonged. 

It has been noted previously ® that the H-ion concentration 
shows little tendency to return to normal after the injection of alkali 
in a normal animal. After the injection of acid, the return to normal 
was much more rapid. In the present experiments in which ether was 
administered after the injection of alkali, the pn tended to return to 
normal much more rapidly. This is probably caused by the counter- 
acting effect of the acid metabolites. 

COMMENT 

The possible causes which might be responsible for the increased 
cardiac output of the heart during ether anesthesia have been mentioned 
and discussed previousl 3 %^ Since it has been shown ® that an acidosis, 
caused either b)’’ partial tracheal obstruction or by the injection of acid, 
produces an increase in the cardiac output, and that the injection of alkali 
causes a decrease, it was thought that the role of the H-ion concentra- 
tion in the production of an increased output of the heart during anesthe- 
sia could be determined by converting the usual acidosis into an alkalosis 
by the injection of alkali. 

The experiments reported here indicate that a great part but not 
all of the increase in the cardiac output of the heart may be caused 
by the increase in the H-ion concentration of the blood. In four 
experiments the percentage change in the cardiac output during ether 
atjf.'tbfsi.a without alkali was 196. -f 75. -f- 70 and -f- 45. while the 



CARDIAC OUTPUT IN THE DOG DURING ETHER 

ANESTHESIA 

II. THE EFFECT OF THE INJECTION OF ALKALI ON THE 
CARDIAC OUTPUT OF THE ANESTHETIZED DOG* 

ALFRED BLALOCK, M.D. 

NASHVILLE, TENN. 

In a previous communication/ it has been shown that the cardiac 
output of the dog's heart is increased during an ether anesthetic. This 
change was associated with an increase in the hydrogen ion concentration 
of the blood. Boothb}'- first suggested that the H-ion concentration 
regulated the cardiac output of the heart. Douglas and Haldane ® 
reached the same conclusion from studies on man. A similar view 
has been expressed by Means.^ Harrison, Wilson and Blalock ® found 
that the production of respiratory obstruction and the injection of acid 
were associated with an increase in the H-ion concentration of the blood 
and an increase in the cardiac output, and that the injection of alkali 
resulted in the reversal of these two functions. They concluded that the 
changes in the cardiac output of the heart were dependent on alterations 
in the H-ion concentration of the blood. 

The object of the present stud}^ was to determine whether an 
alkalosis produced by the intravenous injection of alkali was accom- 
panied by an increased cardiac output during ether anesthesia. 

JIETHOD 

The method used was described in detail in the former paper In 
brief, it was as follows : 

Dogs were anesthetized with morphine (0.04 to 0.08 Gm.). It has been shown 
that this drug lias relativelj' little effect on the cardiac output of normal dogs. 
About an hour after the administration of morphine, control determinations were 
performed without ether or alkali. The oxygen consumption was determined by 

*From the Department of Surgery. Vanderbilt University. 

1. Blalock, A. 1 The Effect of Ether Anesthesia on the Cardiac Output, 
.\rch. Surg. 14:732 (March) 1927. 

2. Boothby, W. JI.: Am. J. Physiol. 37:383, 1915. 

3. Douglas. C. G., and Haldane, J. S.: Regulation of General Circulation 
Kate in Man, J. Physiol. 56:69 (Feb.) 1922. 

4. }ileans, J. H.: Dyspnea r^fedicine 3:309 (.Aug.) 1924. 

5. Blalock. A.: Harrison, T. R., and Wilson, C. P.: Partial Tracheal 
Obstruction; and Experimental Study in the Effects on the Circulation and 
Kespiration of Morphinized Dogs, Arch. Surg. 13:81 (Tiilv) 1926' Effect of 
Changes in Hydrogen Ion Concentration on Blood Flow of ilorphinized Do- 
.1. Qni. Investigation 1:547 (.Aug.) 1925. 
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dioxide content was caused by- the alkali injection. Since there was 
an elevation- of the cardiac output in each instance, it does not seem 
plausible to ascribe this effect to changes in the carbon dioxide content. 
It seems a likely assumption that the greater part of the increase in 
cardiac output during ether anesthesia is caused by an increase in the 
H-ion concentration, as the elevation was much less marked after 
the injection of alkali. In order to explain the increased output when 
the H-ion concentration is not increased, it is necessary to assume that 
there is some direct stimulating action of ether itself. Unless ether has 
a peculiar action on the peripheral vessels, it is likely that the vasodila- 
tion which occurs in acidosis disappears after alkali is injected. Despite 
the experimental evidence that ether decreases the output of the isolated 
heart, it is possible that the intact heart may be stimulated directly by 
ether to pump a greater quantity of blood. 

The therapeutic administration of alkalis previous to operations 
under general anesthesia has been suggested and practiced by many 
physicians. MacNider recommends the giving of alkalis to prevent 
the development of anuria, which may occur after a marked reduction 
in the alkali reserve of the blood, Gwathmey and Tibbetts suggest 
the giving of sodium bicarbonate previous to a general anesthetic to 
combat acidosis. Richardson emphasizes the importance of giving 
alkalis before long operations. However, Meyers and Booher caution 
against the uncontrolled administration of alkali. They report uncom- 
pensated alkalosis following the administration of sodium bicarbonate, 
following roentgen-ray treatment, after continued vomiting and follow- 
ing prolonged elevations of temperature. Koehler found that the 
H-ion concentration is decreased during an acute clinical fever. Fever 
and vomiting are common sequelae of anesthesia, and from this point of 
view, one should be cautious regarding the indiscriminate administration 
of alkali. Moreover, evidence that acidosis of short duration per se 
exerts a harmful effect is lacking. A still more valid objection to the 
use of alkali lies in the fact that the length and depth of the anesthesia 
and, consequently, the degree of acidosis, cannot be estimated previous 
to the operation. Hence, the amount of alkali needed cannot be known 

14. !M.ncXi(ler. W. dc B. : Anurias Occurring iri Normal Animals During Use 
of General Anesthetics, J. Pharm. & Exper. Therap. 15:249 (June) 1920. 

15. Gw.'ithmey, J, T.. and Tibbetts, E. S.: A Preliminary Report on Labo- 
ratorj- E.xperiments to Determine Value of Certain Agents in Connection with 
Surgical Operations, Rec. 98:1021 (Dec. 18) 1920. 

16. Richardson, F. L. : Heart Lesions in Anesthesia, Am. J. Surg. (anesthesia 
supplement) 33:109 (Oct.) 1919. 

17. Meyers, V. C., and Booher, L. E. : Some Variations in Acid-Base Balance 
of Blood in Disease, J. Biol. Chem. 59:699 (April) 1924. 

18. Koehler, A. E. : Acid-Base Equilibrium; Clinical Studies in Alkalosis, 
Arch. Int. Med. 31:590 (April) 1923. 
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URETER 

Ureteral Transplantation. — Smitten-® compiled 318 cases of 
implantation of the ureters into the intestine, not including the Maydl 
type of operation. Two hunded and twenty-two were in women, and 
forty-nine in men. The -statistics of the operations were as follows: 
fistula of the bladder, 156 cases, with death in thirty-four (21,8 per 
cent) ; anomalous conditions, fifty-eight cases, with death in eighteen 
(31 per cent) ; malignant tumors, ninety-eight cases, with death in 
sixty-one (63 per cent) ; inflammatory processes, four cases, with death 
in three (75 per cent). Of the total number of patients, 116 died and 
200 recovered ; in two cases the result was not known. Thirty patients 
died from peritonitis, twenty-one from urinary infection, five from pneu- 
monia and three from tuberculosis. The late results from six months to 
ten years were known in seventy-one cases. In six of these death was 
caused by renal insufficiency ; in three by recurrence of the original con- 
dition, and in two, by intercurrent disease. After the first operations, 
there usually was considerable inflammatory reaction in the rectum that 
at times either caused perforative peritonitis or ascending infection in 
the kidney. Suture infection was observed in ten cases. 

Begouin,-® reviewing his cases of ureterocystoneostomy, states that 
in cases of accidental or voluntarv section of the ureter this operation, 
wliich is simple and only requires a few minutes, adds little to the 

25. Smitten. .A. T. : Ueber die Einpflanzung tier Urctcrcn in den Darm, 
Ztschr. I. urol. Chir. 19:219-220, 1926. 

26. Betrouin, P. : De rinsiifn.«ancc fonctionnelle du rein apres rurctcrocystonc- 
r-'tomic, .Arcb. franco-l>cl£rcs dc chir. 29:S1-S3 (Feb.) 1926. 
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ingrowth of pelvic epithelium; (5) the fonnation of small diverticula by 
tlie action of the irritant urine when large openings have allowed the 
urine to reach far into the tissue, and (6) the replacement of the normal 
fat and connective tissue about the pelvis by dense fibrous connective 
tissue. 

The changes in the kidney proper consist of: (1) exceptionally, 
focal necrosis of the epithelium with leukocytic infiltration; (2) excep- 
tionally (only once in this series), infarction of the kidney, and (3) 
necrosis of tlie tubules of the papilla, exceptionall}^ with necrosis of the 
entire papilla. 

The relation of these experiments to the patholog)'^ of pyelitis in man 
can be summarized as follows: (1) certain hemorrhages (evidence 
of which is found after death) in the pelvis of the kidney following 
obstruction of tlie ureters may be attributed to pressure and not neces- 
sarily to infection; (2) the formation of diverticula of the pelvis might 
give rise to sterile pyuria that persists for a long time; (3) the products 
of acute inflammation can be removed so rapidly as to leave practically 
no trace after a period of fourteen days, and (4) the necessity of con- 
trolling results in experiments on the injection of bacteria into the pelvis, 
when the ureter is obstructed, is evident since the presence or absence 
of infection makes no marked difference in the gross and microscopic 
appearance of hydronephrotic kidneys during the first twent 5 ’--four 
hours. 

Calculi . — Hourtoule reports the case of a married woman, aged 22, 
who had suffered attacks of colic from ureteral stone for seven years. 
A small hard mass, 2 cm. in diameter, was felt in the left culdesac; 
roentgenologic examination proved this to be a stone. The left kidne}', 
which was found to be almost functionless at cystoscopy, also contained 
stones. The patient became pregnant and gave birth normally to a 
healthy child. After pregnancy the attacks of colic returned, and this 
time were accompanied b}’- fever. At operation a voluminous left 
hydronephrotic kidney was removed. The ureteral stone was left in 
place. Two years later, she was perfectly well ; the ureteral stone had 
not caused any trouble. 

Bunipus ajid Scholl report a series of 880 cases of ureteral stone 
treated at the Mayo Clinic. Of these, 640 were removed surgically and 
240 were removed by cystoscopic manipulation during the later years. 
Six hundred and forty-eight operations were performed in 640 cases, 
eight of which were bilateral. The following types of operation were 
performed : ureterolithotomy, extraperitoneal. 522 ; pelviolithotqmy, 

2S. Hourtoule. V.: A propos d’un calcul dc Turctere. J. d'urol. med. ct cliir. 
20:.MS-31P. 1925. 

29. Rumpus. H. C, Jr., and Scholl. A. J. : Ureteral Stones, Surf?. Clin. X, 
.\::'.er. 5:813-S2r (June) 1925. 
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Determinations made during an ether anesthetic following the injec- 
tion of alkali as contrasted with those obtained during both the original 
control period without ether or alkali and the anesthetic period without 
alkali injection reveal the following changes : The temperature remained 



Chart 2. — The points to be noted include the less marked elevation in cardiac 
output during ether anesthesia following the injection of alkali, the rise in the 
venous oxygen content while the arterial oxygen content remained stationary and 
the elevation of the carbon dioxide content. The values in table 4 are charted 
in this figure. 

about the same or fell slightly, and the pulse rate was elevated definitely 
in four of the five experiments. The oxygen consumption was usually 
slightly decreased. The oxygen content of the arterial blood remained 
the same in four instances ; in the remaining experiment it was 4 per 
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four of the 648 stones removed by surgical methods were at the uretero- 
renal juncture, seventy-one in the lumbar segment, forty-one in the 
middle or iliac- segment, eleven at the iliac crest, 311 in the lower third, 
eighty-eight at the ureterovesical juncture,' and thirty-six were 
intramural. 

The kidney was removed in eighty-one cases. In forty-eight cases 
the ureter also was removed, in most instances completely. In most 
of these the kidney had been partially or completely destroyed as a 
result of ureteral obstruction. In a few cases there were also stones in 
the kidney. In most of thej cases in which nephrectomy Or nephro- 
ureterectomy was performed, the kidney was exposed through a postero- 
lateral incision. If tlie stone could then be reached, the kidney and 
segment of ureter were removed. If the stone was in the middle or 
lower third and the ureter dilated and the stone impacted, the vascular 
pedicle was cut and ligated, and the kidney left hanging from the anterior 
angle of the wound. The patient was then turned over and an anterior 
rectus incision made, through which the ureter was isolated and cut below 
the stone. The ureter was freed as far as the point reached from the 
posterior incision and then drawn through the posterior wound while 
still attached to the kidney. It is usually desirable to leave a long strand 
of catgut or silk fastened to the retreating ureter so that the lower end 
of the ureter may be recovered if it does not r.eadily pass through into 
the area of the posterior incision. 

Tumor. — Stewart,®” reviewing the literature from 1922 (when 
Aschner had compiled forty-seven cases of primar}’- tumor of the ureter) 
found five other cases recorded and reports an additional case. These 
rare tumors occur most frequently during the sixth decade of life. 

Calculus is not a common predisposing factor; when present it is 
generally associated with malignant forms of tumor. Pathologically, 
these tumors usually are papillary in tj’pe and many show the structure 
of benign papilloma, in which case they may be multiple or diffuse. 
There is a decided tendency tow’ard malignancy : papillary carcinoma, . 
medullary carcinoma and squamous epithelioma occur. Sarcoma is rare. 
Any portion of the ureter may be involved, although there is evidently a 
predilection toward either the upper or the lower extremih'. 

The symptoms produced are not pathognomonic of the disease, and 
are the same as those engendered by renal neoplasms, namely, hematuria, 
pain and sometimes renal enlargement due to the tumor obstructing the 
ureter and causing hydronephrosis. Accurate diagnosis usually is diffi- 
cult, but considerable aid is obtained from the employment of ureteral 
catheterization and pyelo-ureterography. It is important to locate the 

30. Stirwart, R, L. : Primary Tumors of the Ureter, Brit. J. Surg. 13:667-682 
(.April) 1026. 
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Chart 4.— The percentage change in the cardiac output, under the heading 
“Ether Anesthesia,” was obtained by comparing the figure for the cardiac output 
during ether anesthesia with that during the control period. The percentage 
change in the cardiac output under the heading “Alkali and Ether Anesthesia” 
was obtained by comparing the figure for the cardiac output during ether anesthe- 
sia following the injection of alkali rvith that obtained during the same original 
coirtrol period. The average change is computed from all of the experiments. 

It is to be noted that the average increase in cardiac output during ether 
anesthesia without alkali injection corresponds to the highest figure obtained 
during ether anesthesia after alkali injection. 
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development of diverticula is most common in association witli such 
obstructions of the ludnaiy tract as prostatitis and prostatic hypertrophy 
afford. With the enlargement of the diverticulum the bladder itself 
becomes filled with eacli relaxation of its neck. Thus, marked detrusor 
ly'pertroph}’^ develops. The contraction of the bladder is partly used in 
further distending the diverticulum so that a condition exists somewhat 
analogous to valvular insufSdenc}' in the heart. Lurz has shown by 
experiments, with one catheter in the diverticulum and another in the 
bladder, that the pressure according to manometric readings is less in 
the diverticulum than in the bladder itself. 

Symptomaticall}', the relative youth of the patient, lack of frequency 
at night, longer duration of symptoms, change in the degree of difficult}* 
of urination from time to time, slowness of the emptying of the bladder 
with absence of stricture, prostatic hypertrophy or disease of the spinal 
cord, the occurrence of stone shadows in the roentgenogram of the 
bladder, when these stones are not denionstrated by cystoscopy, residual 
urine and infection serve to differentiate the condition from jarostatic 
disease. In some cases in which the diverticulum is attached to the 
rectum, defecation is painful or the bladder can be emptied only on 
sitting as at defecation. Hematuria may occur at times or there may 
be ureteral colic from compression of the ureteral ostia. 

The diagnosis is based on urologic study such as cystoscopy, and 
roentgen-ray studies of the bladder, filled with an opaque medium 
(cystography), or after an opaque catheter has been inserted into the 
diverticular orifice. Lurz reviews the technic and precautions necessary 
with these procedures. 

The treatment of the condition usually advised is radical surgical 
excision. A few urologists advocate drainage of the diverticulum by 
indwelling catheters and lavage of the sac with silver preparations, but 
these are in the minority. The utmost care is urged in the study of the 
urinary function before surgical treatment is undertaken. Differential 
tests of function, study of retention of blood urea, and the investigation 
of the urinary tract for infection, must be gone over carefully. Any 
gross infection should be treated and ameliorated, if possible. The 
various operative procedures are outlined. Lurz prefers the suprapubic 
transverse incision after elevation of the pelvis. The disadvantages of 
\*oclcker’s parasacral route arc brought out. The extraperiloneal, 

. cxtr.avesical operation in most cases is ideal. The next best procedure 
is the extirpation of the diverticulum from within the bladder. The 
dangers to rectum or ureters from operative procedures, and the pre- 
cautionary measures to protect these structures ('such as placing 
Citthoters in ureters liefore operation or injecting indigocannin). 
;ire cmiihasized. At times it is necessary to transplant the ureters, 
neraghly’s resection of the muco-'^a from the diverticular neck with 
clo-:nrc and extravesical drainage of tlie diverticular sac is cited. 
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corresponding figures during ether anesthesia following the injection of 
alkali were + 22, + 32, + 49, and + 3, respectively. In the experi- 
ment in which the degree of anesthesia was deep, the decrease in the 
cardiac output during the control anesthetic period Avas 8 per cent, 
while during the anesthetic period following the injection of alkali the 
decrease was 30 per cent. 

Henderson ° and Douglas and Haldane found a decrease in cardiac 
output with excessive artificial respiration. Grant and Goldman 
found that this was associated with an alkalosis in which the carbon 
dioxide tension of the blood Avas diminished. Alkalosis Avas produced 
in the present experiments by the injection of alkali and AA'as associated 
AAdth an increase in the carbon dioxide content, AA'ithout any appreciable 
change in the carbon dioxide tension, and a figure for cardiac output 
AA'hich Avas less than that for the anesthetic period, but udiich remained 
eleA'ated over that during the control period AAUthout ether or alkali. 
Henderson has emphasized the importance of carbon dioxide pressure 
in the regulation of A'enous pressure, and hence the diastolic filling and 
cardiac output of the heart. 

Other experiments have demonstrated an increase in the output 
of the heart during severe anoxemia. The present report (tables 1 to 5) 
does not suggest this factor as the probable one in causing the increased 
cardiac output of the heart during ether anesthesia, as evidence of a 
decrease in the percentage saturation of the arterial blood AA'as not 
found. The oxygen capacity of the arterial blood AA^as determined in 
only one experiment, but the arterial ox}'gen content in all experiments 
shoAved practically no A^ariation from that of the control period. 

The studies of the effect of ether anesthesia on the cardiac output 
suggested that the increased output At'as caused by an increase in the 
H-ion concentration, by anoxemia, by the direct action of ether 
itself or by a combination of these factors. It is seen in this report 
that the output of the heart may remain someAvhat eleA’ated in the 
presence of a />„ Avhich is on the alkaline side and in the absence of a 
decrease in the percentage saturation of the arterial blood. It is knoAvn 
that ether anesthesia in some instances, causes a decrease in the per- 
centage saturation of arterial blood, but it Avas not encountered in these 
experiments. The studies AA’hich A\’ere made on the effect of ether 
anesthesia alone A\’ere associated AA'ith a decrease in the carbon dioxide 
content of t he blood, Avhile in the present experiments the high carbon 

9. Henderson. Y.: Am. J. Physiol. 21:126, 1908. 

10. Douglas, C. G.. and Haldane, J, S.: J. Physio!. 41:69, 1922. 

11. Grant, S. B.. and Goldman, A.: Am. J. Phvsiol. 52:209 1930 

(AKUna"”' ''■■■ 'rcv. 3,163 

13. Harrison, T. R.. zni Blalock. A. In press. 
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vulcanite, with a metallic lining. This lining only conies to the surface 
at the edge of the window situated below the beak; elsewhere it is 
insulated from the urethra by the bakelite covering. 

The punch is introduced with an obturator in position, and, to facilir 
tate its insertion in difficult cases, a pliable bougie guide may be 
attached to the beak by means of a screw. When it is in position the 
obturator is withdrawn, and a system consisting of a telescope, a lamp 
and inlet and outlet tubes for irrigation is substituted, thus converting 
the instrument into a posterior urethroscope of the Gueringe type. 
Under guidance of the eye, the punch is now withdrawn until the bar 
is seen to engage the window. Once it is in position, the instrument is 
held firmly and pressure is exerted on the bar b}^ slightly raising the 
proximal end. Connection is then made with the source of diathermy 
current. When the current is turned on, the inner metallic layer of the 
sheath immediately becomes a urethral electrode but, owing to the insula- 
tion conferred by the bakelite covering, the only point of contact with 
the urethra is the edge of the window engaging the bar. From this 
edge a line of coagulation can be observed to spread within ten or 
fifteen seconds; this whitens the whole area of prostate engaged.. By 
maintaining continuous irrigation, the process of diathermy can be 
carried out under complete ocular control, the current being turned off 
when it is judged that a sufficient depth of tissue has been destroyed. 

In order to remove the wedge of destroyed tissue, and thus obtain 
immediate benefit without waiting for the separation of sloughs, the 
telescope and lighting system is withdrawn and an inner tube, resembling 
that used in the Young punch, is inserted. By pushing this home and 
giving it at the same time a slight rotary movement, a core of destroyed 
tissue, about 2 cm. in length and 0.5 cm. in diameter, may be removed. 
This does not, however, constitute the whole amount of prostatic tissue 
destroyed by the operation, the full benefit of which will be obtained 
later when the sloughs have separated. The telescope and lighting 
system may then be reintroduced, the area of operation inspected, and 
a decision made as to whether or not any further fulguration is required. 
If the operator is satisfied with the amount of tissue dealt with, the 
bladder is emptied, the obturator inserted and the instrument withdrawn. 

Tlie diathermy punch has definite advantages over any similar 
instrument yet evolved. The operation is not a blind proceeding like 
Bottini’s. but is 'done under full ocular control. It has an advantage 
over Young’s operation in that it eliminates the risk of hemorrhage, and 
it allows the easy removal of greater quantities of prostatic tissue, the 
subsequent sloughing of the diathernn* area widening still further 
the channel dug hy the punch. 

The type of case in which the diathermy punch can he employed 
most conveniently is that in which there is a “bar’’ obstructing the 
vesical outlet. It may also he used in cases of moderate enlargement in 
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unless repeated determinations of the alkali reserve and the H-ion con- 
centration are made during the operation, and this is impracticable. 
The evidence presented in this paper suggests that alkali may be of 
value in preventing overstrain of the heart, but it is possible that such 
treatment may have other untoward effects. 

SUMMARY 

The cardiac output of the heart of the morphinized dog has been 
•determined during ether anesthesia both with and without the injection 
of alkali. The changes in pulse rate, temperature readings, oxygen 
consumption, arterial oxygen, venous oxygen, arterial carbon dioxide, 
venous carbon dioxide, H-ion concentration and cardiac output have 
been observed. The following statements are believed to be true for 
the dog : 

1. The percentage increase in the cardiac output of the anesthetized 
dog is reduced by the injection of alkali. 

2. The increase in cardiac output persists during ether anesthesia 
in the presence of an alkaline pa, but to a lesser degree than when 
acidosis is present. 

3. The increase in cardiac output is not dependent on anoxemia. 

4. The carbon dioxide content is elevated during ether anesthesia 
following the injection of alkali, whereas it is lower than normal during 
ether anesthesia without alkali injection. 

5. The alteration in the cardiac output of the heart cannot be 
attributed entirely to the effect of changes in the hydrogen ion concen- 
tration of the blood, and that there is some direct stimulating action 
by ether must be assumed. 

The objections to the use of alkali have been discussed. Without 
further information, the routine administration of alkali before opera- 
tions does not seem advisable. 
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higher when the risk was supposed to be moderate, and the usual catheter 
drainage and otlier preliminary medication was not given, than when the 
risk was presumed to be grave and a stringent preoperative regimen was 
consequently instituted. At the present time all patients are given pre- 
liminary treatment, as mentioned, the majority of them being put on 
catheter drainage. 

After enucleation of the prostate under vision, the capsule is sutured, 
a sound is passed through the penis into the open bladder, and the tube 
of the Pilcher bag is then drawn out with it through the urethra. The 
bag is distended with water so that it impinges on the vesical neck.' 
The pressure required is from 60 mm. of mercury (about 60 cc. of 
water) to 140 mm. of mercury (about 180 cc. of water). A 
silken cord threaded through the tube of the bag and attached to the base 
rather than the apex of the bag, is attached to a Hamer tripod 
under moderate tension, just enough to hold the bag in place 
and control hemostasis without unnecessarily^ stretching the prostatic 
capsule. B}' this means, the pressure is brought from the base of the 
bag toward the prostatic bed rather than pulled into the prostatic bed by 
elastic traction on the urethral tube. 

Suprapubic drainage is maintained by placing a 30 F. catheter in 
the bladder, which is closely sutured around this catheter and around the 
vesical portion of the tube of the Pilcher bag which extends through 
the bladder and abdominal walk Through this suprapubic tube of the 
bag the water is released in about sixteen hours. If any bleeding occurs, 
the bag is refilled for a further period. If no bleeding occurs, the bag 
and vesical catheter are all removed suprapubically eight hours later. 
As the bag is removed a 16 F catheter, attached to the urethral portion 
of the tube, is drawn in as an indwelling catheter. Immediate urethral 
drainage is thus established and prolonged, and messy suprapubic 
drainage is avoided. 

[Ed. Xote. — No one who has seen Hunt work can fail to be 
impressed by the effectiveness of the method described in his hands. It 
seems ideal, as does the whole one-stage procedure, and almost perfect 
from the surgical standpoint. During the last* few years the results of 
suprapubic prostatectomy have equalled in almost every way the low 
mortality rates of the perineal operation. Certainty, the method 
described by Hunt fulfils all the requirements of surgical simplicity and 
efficiency and will be welcomed by those general surgeons and urologists 
who have not had satisfactory results in the control of hemorrhage from 
the prostatic bed after operation. The use of a hydrostatic-pressure bag 
does not appeal to all surgeons as entirelj- a surgical procedure. Com- 
plete hemostasis at the time of operation, together with gauze packing, 
works effectively in preventing bleeding either directly or some time after 
operation. 
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gravity of the operation. Of six of Begouin's patients, seen from six 
months to three years after operation, none presented normal ureteral 
permeability or good renal function. In two cases there was complete 
obliteration of the implanted ureter; in one, stricture at its end had 
' caused hydronephrosis, and in another there was a large orifice, permit- 
ting marked ureteral reflux. In a fifth case pyelonephritis necessitated 
nephrectomy. The last case, although the orifice was apparently normal 
and the ureter permeable, showed marked diminution of the urea output 
on the side of operation. In most cases ureterocystoneostomy, like circular 
suture and all the different types of reimplantation or anastomosis of 'the 
ureter, brings about, in a variable period of time (rarely exceeding two 
or three j^ears) , functional destruction of the kidney. If the destruction 
occurs gradually the condition is not serious, but in most cases there is a 
rapid onset of an intermittent hydronephrosis or renal infection, some- 
times leading to urgent nephrectomy. Begouin concludes, in accord with 
a number of leading surgeons, that tliis operation should be abandoned 
and if necessary replaced b}' the old ureteral ligation followed by 
nephectomy. He suggests making this ligation high up above the 
operative field, after the presence of the other kidney has been deter- 
mined by palpation and the peristaltic waves of the intact ureter have 
been seen. Nephectomy is not necessary in all cases. If it is indicated, 
it may safely be performed from eight to fifteen days after the preceding 
operation. 

[Ed. Note. — This is a definite and interesting review of a series 
of cases which partially settles a much debated question, the disposition 
of the destroyed or severed ureter. While the number of cases cited is 
small, they show in a faii'ly conclusive way that if the opposite kidney 
is intact, conservative surgical measures are not usually indicated.] 

Ureteral Ligation . — Helmholz and Field report the results of an 
extensive experimental study of the effects of ligation of the ureter in 
rabbits. They have paid special attention to early and acute changes. 
Opinions from the literature are quoted. The changes that tliey find 
in the pelvis are: (1) hemorrhage, edema and exudation of leukocytes, 
which begin after four hours and reach a maximum in from eighteen to 
twenty-four hours; (2) destruction of small or large areas of the epi- 
thelial lining of the pelvis leading to ulcers or deep sterile abscesses in 
the penpelvic tissues; (3) healing beginning after forty-eight hours by 
the proliferation of connective tissue cells and the removal of the 
destroyed leukocytes by polyblasts; (4) healing of the small lesions of 
the pelvis by the formation of a pyogenic membrane and the lateral 


S.: Acute Oiangcs in the Rabbit’s Kidney, 
. rticularly the Pelvjs, Produced by Ligating the Ureter, J, Urol. 15:409-429 
192o. 
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simple in operation. While not intended to supplant the use of urologic 
tables for operative and cystoscopic work such as those devised by 
Young and others, this apparatus will suffice for those who are not so 
fortunate as to have access to one of these more elaborate tables. 

From the illustrations and sketches appended, the apparatus seems to 
be simple and adequate, and should fill a need in the equipment of small 
hospitals. 

Dax has observed three cases of obstruction with stricture of the 
urethra in 150 cases of prostatectomy. . In the first case, the obstruction 
was complete and situated at the deep orifice of the canal at the level of 
its union with the prostatic pouch ; this occurred a week after operation. 
Dax had taken care not to pull on the adenoma for fear of tearing a 
portion of the urethral mucosa. He believes that this urethral obstruc- 
tion was due to the formation of an irregular and exuberant scar. 
Obstruction in the second case occurred nine months after prostatectomy 
at the orifice of the bladder, and was due either to a missed piece of 
adenoma in the prostatic pouch or to the persistence of a diaphragm 
composed of the prostatovesical mucosa. The first possibility may 
usually be avoided b)' careful digital examination of the prostatic pouch 
after operation; the other results from faulty technic. Obstruction in 
the third case occurred two montlis after operation, the result of stric- 
ture 3 mm. from the meatus from ulceration caused by the permanent 
catheter which had been badly tolerated and had caused continuous 
suppuration. To avoid the last complication, Dax advises the use of 
sounds of small caliber (15, 16 or 17), and if after antiseptic irrigations 
the catheter is not tolerated, it is better to remove it and let the hypo- 
gastric wound close by itself. The treatment should consist in dilatation, 
the obstacle eventually being destroyed with the dilator, and catheteriza- 
tion. Rarel}', the bladder may have to be reopened. 

Andre says that stricture of the urethra following prostatectomy 
is not infrequent, but that “decentrement” or misalinement of the 
urethrovesical juncture is rare. In 300 cases in which he performed 
prostatectomy, ten cases of stricture and two of “decentrement” were 
found. The cause of strictures is not always known ; in five of Andre’s 
cases tliere had been no difficulty in enucleating the prostate. The stric- 
ture occurred from eleven days to nine months after operation. In four 
cases of stricture, the plane of cleavage had not been clear, and probably 
a lesion of the mucosa of the membranous urethra resulted. In another 
case, in wliich total prostatectomy was necessary on account of the 

3S. Dax, L. : Obstructions ct rctrccisscmcnts dc I’lircthre apres Ja prostatcc- 
tomic transvcsicalc, .■\rch. franco-belgcs de cbir. 29:101-105 (Feb.) 1926. 

.■^9. ,-\ndre. M. : Rctrccisscinents et decentrements dc I'lirctre apres la 
prostatcctomic. J. d'tirol. ined. ct cbir. 21:374-3/7, 1926. 
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twelve; nephrectomy, tlhrty-three; nephro-ureterectomy, forty-eight; 
resection of one half of horseshoe kidney, one; exploration, stone not 
found (found in bladder later in five cases), thirteen; pelviolithotomy 
and ureterolithotomy, six ; nephrolithotomy and ureterolithotomy, two ; 
ureterectomy, partial (kidne)’’ removed previously), three; transperito- 
neal ureterolithotomy, one ; removal through vagina, one, and transvesical 
ureterolithotomy, six. 

The incision for ureterolitliotomy \^ries with tlie site of tlie stone. 

If it is the upper third of the ureter, or if there is also an associated 
stone in the renal pelvis, a posterolateral incision is made. It is not 
necessar)^ to extend the incision as far posteriorly as is usual in opera- 
tions on the kidney. The upper third of the ureter and the ureterovesical 
angle may be exposed readily without delivering the kidney. In some 
cases the stone may be brought up into the pelvis and removed through 
a pelvic incision ; this is especiall)'' desirable if stone is also present in 
the kidney. 

If the stone is in the iliac or the pelvic portion of the ureter, a straight 
rectus incision gives the best exposure. The exact location of the 
incision depends on the site of the stone. If the stone is in the lower . 
segment, the incision through the rectus muscle should be made directly 
doAvn to the pubic bone and should be of ample length. The peri- 
toneum is pushed toward the median line until the iliac vessels are 
uncovered. If not fixed by inflammatory or postoperative adhesions 
to the surrounding tissues, the ureter generally follows the retracted 
peritoneum and is found on its posterior surface. In cases in which 
the ureter is dilated, it may be readih"^ located. In other cases, the palpa- 
tion of the stone may determine the position of the ureter. 

The position of the majority of stones in the lower portion of the 
ureter makes their manipulative removal possible in many cases. The 
two essentials to success in the cystoscopic removal of stones are 
adequate dilatation of the ureter and the shifting of the axis of the stone. 

The first can be accomplished by the use of a dilator or by passing 
increasingly larger catheters or sounds up the ureter past the" stone or 
by passing up several catheters at the same time. The authors prefer 
the latter method, since the stone on several occasions has lodged 
between the multiple catheters and been removed wnth their withdawal. 
Usually such catheters are left in place for forty-eight hours; then each 
one is twisted separately and all are withdrawn together. Some stones 
will pass with the next voiding: most will be recovered within the 
first two days, and a few will pa.«:s after a week. When ‘the stone 
becomes impacted in the wall of the bladder, its remo^-al will be hastened 
by slitting the tiretcrovesical orifice. 

Efehtcen of the 240 stones removed by iiranipulative methods were 
in the middle third ot the nreter. IIS i„ the lower third, sixtv-three .-it 
the ,ireterove.sicii! jtmetiire. and hvenh-fottr were intramurai. Stay- 



948 


ARCHIVES OF SURGERY 


making an aggregate of positive observations in approximately 25 per 
cent of the series. The femur of sixteen and the ribs of ten were 
affected, but always in conjunction wdth involvement of the pelvis. Of 
246 cases in which roentgenograms were made of the lungs, they were 
diseased in twelve. In all of these, metastatic tumors were present in 
tile spine or pelvis. 

Of 178 cases in which prostatectomy was performed, there are com- 
pleted records in. 164 (92.1 per cent). In forty-seven a perineal 
operation was performed, and in 117 a suprapubic. The length of life 
following operation averaged thirty months for the group, nearly three 
times as long as when no treatment was given. Thirty-five of these 
patients are still alive, but half have not lived three years ; of the seven- 
teen others, twelve have lived more than five years and may ' be 
considered cured. 

The clinical records of 112 cases treated with radium are reported. 
The dosage given averaged a little in excess of 2,000 milligram hours, 
and the patients lived an average of twenty-two months following their 
treatment. Of these, twenty-five are still living, nine more than three 
years, and four of these nine have lived more than five years; These 
results are about equal to those obtained by surgical treatment, con- 
sidering that these cases were not as carefully selected. Just as the 
surgical results did not warrant the continuation of that form of treat- 
ment except in selected cases, so the results of radium treatment com- 
pelled its abandonment. 

If, as is usually the case, there is only a small amount of residual 
urine present, its removal by the daily use of the catheter will probably 
be sufficient to maintain adequate renal function. If the obstruction is 
more complete and a catheter passes with difficulty, cystostomy is indi- 
cated. This was performed in 125 cases in the series, of which there 
are complete records of 117. The average duration of the disease was 
nearly twice as long, being fifty-seven months instead of the usual thirty 
months for patients who received no treatment. After operation these 
patients lived an average of twenty-four months, more than twice as 
long as the patients for whom cystostomy was not performed. Thirty- 
four are still alive, eleven more than three years after operation, and of 
this eleven six have lived more than five years. 

Marion ■*- divides prostatic cancer into two anatomic groups : the 
cancer “proprement dit” or glandular carcinoma, and the cancer result- 
ing from the transformation of periurethral adenoma. The diagnosis is 
not difficult; it may be confused in rare cases with an unusual lesion: 
diffuse ligneous prostatitis. In the early stage the carcinoma may be 

42, Marion. G. : propo? du traitcmcnt du cancer de la prostate, J. d’urol. 

tncd. et chir. 21:386-396. 1926. 
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downward extent of the tumor, with special reference to the possibilit}' 
of multiple growths. 

Radical operation is indicated in treatment. In most instances 
nephro-ureterectomy, either complete or partial, is the method of choice. • 
Fulguration of tumors situated at the lower end of the ureter has given 
encouraging * results in cases unsuited for the more ladical surgical 
measures. 

BLADDER 

Diverticula.-L-Lurz differentiates true diverticulum of the bladder 
and trabeculation. The true diverticulum contains muscle fibers and 
connective tissue representing the vesical wall as. well as the lining of 
epithelium. False diverticula, such as those produced b}* rupture of 
abscesses into the wall or’ peric 3 'stic phlegmons, are considered as a 
separate group. 

The microscopic picture of the true diverticulum shows that it never 
corresponds entirely to the normal vesical wall. The epithelial layer is 
thinner, lacking in the usual la 3 ^ering, and the wall consists for the most 
part of connective tissue with lymphocytic infiltration and a few muscle 
fibers. In form diverticula ma 3 ’' be cone-shaped, oval, pear-shaped, 
angular (if attached to contiguous organs), round, or saccular. In 
number they may vary from one to forty. 

Lurz has compiled from the literature 1,407 cases of so-called con- 
genital diverticulum. To these he adds nine cases from Enderlen’s 
clinic at Heidelberg. Only thirty-nine cases occurred in women. Three 
were found in fetuses. The majority occurred in men more than 50 
3 ’ears of age. 

From the standpoint of etiolog 3 ’^ Lurz believes that true congenital 
diverticula do not occur. The various theories based on anatomic and 
embiyologic studies to show that diverticula develop from anomalies in 
the embr 3 ’o are reviewed. Kaufmann believes that the region of the 
lateral W’all of the bladder in front of the ureteral orifices, the base of 
the bladder beyond the interureteric ligament, and the vertex of the 
bladder corresponding to the vesical end of the urachus are pre- 
disposing points for the development of diverticula. Thus, anomalous 
developments of the rests of ureteral buds, of the urachal ending in the 
bladder, and the like, might give rise to diverticula. It has not been 
demonstrated that intra-uterine obstruction of the urinary tract is a- 
causative factor. If this were true there would be, according to Lurz, 
concomitant h 3 'dro-uretcr and Itydronephrosis. He states that there is 
probably some developmental weakness in certain portions of the vesical 
wall but that the diverticulum itself develops as a pulsion sack. The 

Ch{r!'j8”278-299 kongcnitale Blasendivertikel. Ztschr. f. urol. 
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gubernaculum, just below the testis, is transfixed and ligated; the ends 
of the ligature are left long and are secured by a pair of Spencer Wells 
forceps; the redundant portion of gubernaculum beyond the ligature is 
cut away. An incision is made on the opposite side of the scrotum, and 
a bed for the testis to be transplanted is made between the septum and 
the normally placed testis. The forceps with the ends of the ligature 
are introduced through the incision in the external oblique muscle and 
are directed along the inguinal canal, through the external ring, and well 
down into the scrotum; they are then made to impinge against the 
septum, which is pushed before them' into the scrotal wound. A small 
incision is made in the septum over the points of the forceps, which are 
then pushed through, and the ends of the ligature are secured. The 
forceps are withdrawn slowly and are opened from time to time so as 
to make a way for the passage of the testis, which is drawn into its new 
position by traction on the ligatures. 

Turner sets himself high standards and follows his cases thoroughly. 
In 70 per cent of his cases, the results were splendid. In 16 per cent 
they were poor, but by no means failures, and in 14 per cent atrophy 
and failure are recorded. 

Cancer. — Handheld- Jones reviews the work on chorionic carci- . 

noma from the time of Sanger’s Jfirst description of a chorionic epi- 
thelioma to' the present time. Handheld- Jones states that certain 
definite histologic characteristics must be present to. make a pathologic 
diagnosis. These elements are the syncytium, Langhan’s cells, chorionic 
wandering cells and the masses of blood and fibrin. Chorionic carci- 
noma is highly malignant, producing widespread metastasis through the 
blood stream. The lungs are the usual site of deposit, the secondary 
deposits usually resembling the original growth. Dissemination may 
also occur by w'ay of the lymphatics to the aorta and inferior vena cava. 
It is of interest to know' that occasionally in the uterine cases there is 
spontaneous repression of the metastatic lesions with the removal of the 
primary growth. Attention has been drawn to the fact that in some 
cases there has been activity in the male breast in that it may enlarge 
and secrete colostrum. There are numerous theories regarding the site 
of origin : the generally accepted view is that it arises from some element 
in a teratoma and that the formation of true fetal membranes is not 
necessary. 

[Ed. Xote. — Clinically these testicular tumors do not difter from 
other testicular malignant neoplasms. The general symptoms vary with 
the site of the metastatic tumors. By far the most common symptoms 

•14. Ilaiulfield-Joncs. R. M. : Chorionic Carcinoma in the Testicle: With a 
Reivirt n{ a Xew Case, Brit. J. Siirp. 13:606-620 (.•\prin 1926. 
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Division of the diverticular neck intravesicall)* is practiced by some 
when the diverticulum is situated close to the internal sphincter or goes 
deeply toward -the rectum. 

Lurz emphasizes the importance of abating prostatic hypertrophy 
or other urinary obstruction either at the same operation or before or 
after the excision of the diverticulum. Different authors recommend 
a different order of operative procedures under these circumstances, 
but to remove the obstruction and not the diverticulum, or vice versa, 
leaves the result unsatisfactory. 

[Ed. Note. — ^This is an excellent review, and the opinions of most 
of the leading urologists on the subject are brought together. Certainly 
conservative treatment can lead only to a poor result, while the opera- 
tive mortality is not excessive and the end-results of surgical treatment 
are on the whole good. Many points in the treatment of vesical diver- 
ticula are open to argument, especially as to technic of approach, t3'pe 
of excision, the treatment of tumors and prostatic hypertrophy at the 
same or a subsequent time. More studies of the type that Lurz has 
presented will aid in the solution of these problems and may help to 
lower the operative mortality, in the same manner as that of the enlarged 
prostate has been lowered.] 

Ncroc Control. — Grouvall®' reports his experimental work on the 
nerve control and mechanism of micturition. His experimental proce- 
dures were divided into the following stages: (1) The bladder was 
filled with urine ; (2) the intravesical pressure was raised until equal to 
* that of a column of water 12 cm. high; (3) rhythmic contractions of the 
bladder were then observed; (4) an afferent impulse was then given 
to the bladder through the nen’es erigentes and hypogastrici, which 
caused a contraction of the detrusor muscle and an increase in the intra- 
vesical pressure up to 30 cc. of water; (5) the sphincter vesicae was 
dilated reflexly and the urine passed into the urethra; (6) the bladder 
emptied itself, and (7) the last few drops of urine were expelled through 
rhythmic contractions of the smooth and striated muscles surrounding 
the urethra. 


PROSTATE 


Elcclrocoagulafwn. — Walker,=® realizing the value of punch opera- 
tions in selected cases of prostatic obstruction, and preferring diathermy 
to galvanocautery, as used in Caulk’s instrument, devised a new instru- 
ment. In external form it resembles the Young punch, but the sheath 
IS constructed of bakelite, an e.xcellent insulating material allied to 


' ^^«banismus dcr Blascnentlcerimp. Ztsclir. f. urol. Chir, 

33. VYalkcr. K M.: A New Diathermy Pimcli for Prostatic Obstruction 
P.oc. Roy. Soc. Mecl. (Sect. Urol.t 18:35-38 (Aug.3 1925. 
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Rubaschow found only tlnrt 3 --eight scrotal tumors in fift}' years. 
The majoi'ity were embryonic in origin; even the lymphangiomas may 
have their origin in embrj’^onic anlagen which belong to the retroperi- 
toneal tissues. In frequency of occurrence of tumors, the organs most 
frequently involved are the testis, cord, tunica vaginalis and scrotum, 
respectively. 

AKESTHESIA 

Arce^® reports on the t 3 ^pe of anesthesia used in the University 
Surgical Clinic in Buenos Aires. Lunibar anesthesia reduces the blood 
pressure and causes the patient to faint or collapse. To emplo 3 ’- this 
type of anesthesia without danger to the patient in operations of the 
lower limbs, the perineum, the genito-urinary organs and the abdomen, 
the blood pressure must be within normal limits. 

In operations on the scrotum, testes, penis and spermatic cord, Arce 
injects from 0.08 to 0.1 Gm. in the second lumbar space. In operations 
on the kidney and upper part of the abdomen, he injects 0.1 Gm. in the 
eleventh or twelfth dorsal space. 

CHYLURIA 

Kutzmann reports a case of nonparasitic ch 3 ’luria of three years' 
duration in a male negro, aged 21. The patient was later shown to have 
a perirenal abscess about the upper pole of the left kidney. The ch 3 de 
came from this kidney, and the ch 3 duria disappeared after nephrectomy. 

In a review of the literature, an excellent discussion of the theories 
on nonparasitic or nontropical chyluria was found. This was advanced 
to explain this much misunderstood condition. The theories center 
around the supposition that the kidney through some abnormality of 
metabolism secretes or excretes the ch 3 'le which is abnormal^' present in 
the blood, and around a second and more feasible theory that there is 
some abnormal connection between the urinar 3 ' tract and the larger 
lymph channels. Several instances of such abnormal communication 
having been demonstrated are cited. The route between the intestinal 
and the renal lymphatics is not well understood. According to Magnus- 
Le\* 3 -, the chyle must first go through the mesenteric lymph channels to 
the mesenteric h’mph nodes and thence to the thoracic duct. Thence, 
because of obstruction, there is a retrograde flow to the upper lumbar 
nodes, which drain the renal lymphatics. To obtain such a retrograde 

46. .\rcc. JoiC-: Die Lumbalanasthcsic in dcr Chirurgie, Deutscli. med. 
Wclnischr. 1:644-646 (.-Kpril 9) 1926. 

47. Kutzmann, A. A.: Xonparasitic Chvluria, .Ann. Siirg. 82:765-780 (Xov.) 
1925. 
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which prostatectomy is contraindicated, and occasionally in cases of 
postoperative obstruction and malignant disease. 

Hammond re\’iews briefly the various operative and nonoperative 
procedures used for the relief of prostatic obstruction. He finds that 
in selected cases the most gratifying results are obtained by.the applica- 
tion of surgical diathermy through an operating cysto-uretluroscope. 
The adenomatous enlargements should be carefully separated from the 
fibrous ones. With the fibrous and atrophied prostates the urethra is 
not compressed throughout its lengtiii, and the obstruction is at the neck 
of the bladder. When the bladder is opened in these cases, it will be 
found that there is a narrowing of the internal meatus, but tliat, when 
the finger is passed through this, the prostatic urethra appears more 
dilated than usual. This type of prostate does not tend to become 
progressively larger, and the obstruction is localized in the vesical neck; 
the latter can be easily destroyed and removed, and does not tend to 
recur. After treatment by diathermy, shock and hemorrhage are never 
severe enough to cause any worrj'; the convalescence is much shorter 
than after prostatectomy, the functional result is better, and the mor- 
tality rate is lower. When it is remembered that the type of prostate 
which is treated by diatherm}' is that wdiich is largely responsible for the 
mortality after prostatectomy, it is obvious that a careful selection of 
cases will lead to an improvement in the statistics of this operation. If 
there is renal failure or marked infection. Hammond institutes pre- 
liminary suprapubic drainage. 

Prosiatcctomy . — ^Hunt advocates the use of Pilcher's modification 
of the Hagner bag as being superior to other methods of control of 
bleeding following suprapubic prostatectomy. Hemostasis in prostatic 
surger}- has not formerly been given the consideration that it has been 
given in other fields of surgery. It is to be expected that there will be 
some hemorrhage, which often becomes a serious factor. The various 
methods of packing the prostatic capsule with tampons, pressure sticks, 
kcphalin gauze and the like are reviewed. Following the removal of 
such packs granulations are often broken and severe secondary hemor- 
rhage is induced. 

Hunt describes his technic of one-stage suprapubic prostatectomy 
under vision. He supiwrts himself with statistical eHdence in the state- 
ment that 75 per cent of cases can be safely brought to this one-stage 
procedure with proper preliminary preparation. He emphasizes the fact 
that the Mayo Clinic figures formerly showed that the mortality rate was 


Hammond. T. E.: Diathermy in the Treatment of Prostatic 
nnt. M. J. 1:94-95 (Tan. 16) 1926, 


3?. Hunt. C. : Hemostasis 
S3:5S1-.^31 (March) 1926. 
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investigation. The addition of ether will clear the specimen, and the 
fat thus may, be obtained by extraction. The entire urinary tract should 
be thoroughly examined and a good general examination carried out to 
expose possible related pathologic changes. It would seem that conser- 
vative treatment with diet, lavage and the like should always be the first 
therapeutic efifort. Operative treatment for such a condition alone 
seems radical and hardly indicated in uncomplicated cases.] 
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Any procedure that is systematized and carefully worked out and 
controlled gives better results than varying methods occasionally 
employed.] 

Dodson 3® calls attention to the fact that hemorrhage and shock are 
second and third in importa.nce as causes of death following prostatec- 
tomy. The blood vessels of many old men suffering from prostatic 
hypertrophy are so sclerotic that they do not compensate well for the 
loss of fluid from the vascular system. The relief following intravenous 
injections of sodium chloride solution and of glucose, while important, 
often is only transitory'. Dodson recommends that transfusions of whole 
blood be carried out more frequently', since they’ supply the elements 
necessary to combat the loss of blood cells. Whole blood replaces the 
lost fluid, improves the quality of the blood and, by decreasing the 
coagulation time, is a valuable asset in the control of bleeding. Trans- 
fusions of whole blood are preferred to citrate transfusions because of 
the relative infrequency of reactions from the former technic. 

Seven cases of prostatectomy in which blood transfusions were 
employ'ed are reviewed. Four of these were cases of carcinomatous 
prostate, and in all there was some degree of arteriosclerosis. In two 
cases transfusion Avas given because of hemorrhage, in two because of 
shock, and in three because of gradual failure of the circulation and 
inability' to “rebound.” Two of the patients in the last group died. In 
both there Avas extensiA’e cai’cinoma of the prostate, and the risk was 
extremely graA’C. 

While it is not asserted that transfusion is a panacea, it is held that 
it is a procedure of merit AA'hich should be more frequently employed 
postoperatiA’ely in this class of case, and that as a part of the preliminary 
procedure the blood should ahA’ay's be matched for blood transfusion. 

[Ed. Note. — ^W e belicA’e that the advocacy’ of transfusion for the • 
patient who is not doing Avell after prostatectomy is founded on good 
therapeutic principles. Especially is this true in cases of hemorrhage 
and shock. The administration of large quantities of sodium chloride 
solution is by no means to be dispensed AA’ith. Transfusion is added as 
a further supportiA’e measure, and it AA-ould seem should often tvtrn the 
tide tOAA’ard a satisfactory’ conA’alescence.j 

Bidgood describes in detail an attachment Avhich can be placed on 
any ordinary operating table in such a manner that the perineum of the 
patient can be elcA-aled to the proper IcA'el for surgical approach to 
the i)rostate or seminal vesicles. The ideal position of the patient for 
this Avork is such that the perineum is parallel to the floor. The 
apparatus is made of steel and aluminum, and its various parts are 


Dodson, A. I.: The V.alue of Blood Transfusion in Surgerv of the 
Prosuate. .■\nn. Snrg. 82:974-977 (Dec.) 1925. ’ 

.F, Bideood. C V.: A Perineal Elevator. Ann. Surg. 83:126-130 (Jan.) 1926. 
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That portion of the products of digestion which pass into the portal 
circulation primarily pass through the liver. In the liver, part of the 
material is changed in, or by the agency of, the liver cell, and the prod- 
ucts of this change pass out in the biliary tract in the bile while the 
remainder passes into the systemic circulation. 

The liver represents a powerful agency for discrimination between 
the preceding part of the picture (that is, the portal area) which repre- 
sents the height of production and the supceeding part of the picture 
which represents elimination. In the liver, a separation occurs between 
those bodies obtainable from the food intake which are useful to the 
body economy and the residue of by-products which are useless and 
which may become harmful. Elimination of these by-products, harm- 
ful or otherwise, occurs (1) through the biliary tract and out through 
the lower intestine, and (2) through the systemic circulation after 
detoxification through the urinary system. 

Up to this point in the cycle, the blood contains eliminatory bodies 
which are derived solely from the breaking down of the food materials. 

The systemic circulation represents the peak of production and dis- 
tribution. The products of digestion are distributed throughout the 
bod}', and are utilized in the structural units of the tissues. In the 
process of utilization, catabolistic bodies appear which are destined for 
elimination from the body. 

At this stage of the metabolic activity of the body, the systemic 
circulation contains two distinct sets of excretory bodies ; the previously 
mentioned group, which is derived from and during the digestion of 
food, and a group resulting from the breaking down of the structural 
units of the tissues. As the materials for the structure of the food and 
of the tissue units are essentially the same — ^proteins, fats, carbohy- 
drates, etc. — it is found that within certain restrictions each set of excre- 
tory bodies has a generally similar chemical structure. Both of these 
distinct groups mingle in the systemic circulation. From this point, 
elimination increases and becomes dominant. 

A third set of excretory bodies is derived from the breaking down 
of the coloring matter of the blood. These bodies ultimately become the 
bile pigments and are. excreted from the body economy into the bile. 

The organs of elimination include the kidney, the intestinal tract, 
the skin and the pulmonary surface. The intestinal tract differs from 
the others in that some of the bodies excreted into its lumen for pur- 
poses of elimination are reabsorbed into the system to be handled and 
reexcreted again through the biliary tract into the intestine or to be 
passed out of the body through the kidney. Each of these avenues of 
elimination can under given circumstances attempt to assume the excre- 
ton functions of the others; the degree of compensation is, however, 
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impossibility of enucleating the organ, a tight stricture developed. In 
most of Andre’s cases, the stricture was cured by dilatations; in two 
of them internal urethrotomy was required; In the two cases of 
“decentrenient” the fact that micturition had been easy, without effort 
and of normal frequenc)”, whereas catheterization had been impossible, 
led to the diagnosis. These complications can be avoided if care is taken 
not to tear the urethral mucosa in removing the adenoma. The vesical 
mucosa should be severed at the bases of the prostatic lobes and not at 
the top. When a well developed median lobe is present, the mucosa 
should be removed completely from before backward, so as not to leave 
floating fragments which might later act as a valve during micturition. 
In some cases it is advisable to dilate the urethra at monthly intervals 
following operation. 

Rubritius and Schwarz state that contracture of the vesical' neck is 
not an entity, and that the most varied anatomic changes of the sphincter 
and the nerve supply lead to retention. If the whole group is brought 
under one name, that name will convey only the meaning of a symptom, 
namely, retention. The common functional factor in practically all cases 
of retention is hypertonus of the sphincter, which is the same whether 
brought about by a small adenoma or by inflammatory contractions. In 
one group of cases the hypertonia stands out so markedly that it must be 
considered as the entire cause of the retention. The outstanding method 
of treatment consists in a transvesical incision into the sphincter with 
enucleation of any periurethral adenomas that may be present. 

Canccy . — ^Bumpus reports 1,(X30 cases of carcinoma of tlie prostate 
seen at the Mayo Clinic prior to January, 1925. The average age of 
the patients was 65 years ; in no case was it encountered before the forty- 
second year, and rarely before the forty-fifth year. In 485 cases in 
which no treatment was given, the average duration of the disease from 
the first symptoms to death was thirty-one months. When metastasis 
had occurred at the time of examination, two thirds of the patients died 
within nine months. When careful examination indicated that metas- 
tasis had not occurred, the average subsequent length of life was 
approximately one year. In 136 cases the urine was negative, and in 
137 cases gross hematuria was noted; in 362 cases erythrocytes were 
found on microscopic examination. In 243 of 1,000 cases, metastasis 
was demonstrable. In 44 per cent it had affected the lymphatics. Five 
hundred and thirty-nine patients were examined roentgenographically, 
and the pelves of 123 and the spines of 107 were found to be affected, 

40. Ruhrithis. H., and Schwarz, O. : Contribution to the Problem of Con- 
Imcinre of the Neck of the Bladder, J. I’rol. 15:461-465 (May) 1926. 

o* Prostate. Surg. Gyncc. Obst. 

«. jMi.];.,-, (Ang:.) 1926. 
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amino-acids are further decomposed by the action of the bacteria losing 
ammonia and being converted into fatty acids, or by decarboxylization 
being made into amines, some of which have a powerful action on the 
blood pressure and other functions of the body. Other ill-smelling and 
harmful substances are produced, such as some of the mercaptans, 
sulphurated hydrogen, indol and scatol. 

NITROGEN METABOLISM 

Urea Formation . — In the process of digestion and absorption of pro- 
tein food, large amounts of ammonia are set free. This ammonia is 
liberated in part as the result of the action of the enzymes of the diges- 
tive juices ; in part, by the action of the bacteria in the intestine, and in 
part, during the process of absorption, from the amino-acids of the 
proteins of the food. The ammonia thus libei-ated accumulates in the 
mucous membrane of the stomach and intestine, whence it is gradually 
removed by the blood and carried to the liver in the portal blood. The 
liver converts at least part of it into urea, and the kidney eliminates it 
from the body. Another portion of ammonia is set free in the liver 
itself from the decomposition of the amino-acids brought to that organ 
in the portal blood, and the carbon moieties of those molecules are con- 
verted in part into glucose and glycogen. A relatively large fraction of 
the nitrogen of the food thus never becomes part of the living protein 
of the body, but is converted into urea and thrown out of the body. On 
a meat diet the amount of nitrogen thus converted into urea, so-called 
superfluous nitrogen, is relatively large. It is not certain just how large 
it is, but it probably is at least a third of all the nitrogen in the urine, 
since on fasting the urea drops at once to about two thirds its former 
value. Certainly with an output of 35 Gm. of urea a day, this digestive 
nitrogen will represent at least 10 Gm. of urea. This is not the only 
origin of the urea. The tissues are also capable of tearing their protein 
to pieces and deamidizing the amino-acids. For example, if a muscle has 
not a sufficient amount of carbohydrate to supply its energy, it will tear 
its protein to pieces to get the energ)^ This is always accompanied by 
a process of oxidation, during which process a ketonic acid is formed 
from the amino-acid and ammonia is set free. Lactic acid is formed 
in muscles during their work; some ammonia probably escapes from 
the muscles in the fonn of ammonium lactate, and this is in part made 
into urea. The endogenous urea has, therefore, a varied origin, coming 
from the different organs in the form of a variety of nitrogenous sub- 
stances which are somewhere, most probably in the liver, made in part 
into urea. Even on the minimum protein diet of only 3 or 4 Gm. of 
nitrogen intake a day, the urea still makes 60 per cent or more of the 
total nitrogen in the urine. 
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mistaken for simple hypertrophy, but if the seminal vesicles are enlarged 
carcinoma should be considered. Hard nodules usually mean malig- 
nancy; irregular masses are rarely inflammatory in origin. The treat- 
ment varies following the operability or nonoperability of the tumor. 
The operability is defined by the absence of diffusion in the periprostatic 
and perivesicular tissues and of unexplained persistent pains. The 
so-called cancer originating in the gland itself is rare on account of the 
fact that patients usually seek relief only if there is pain, a late symptom 
in this type of cancer. The opposite is true for carcinoma originating 
in periurethral adenoma, which causes early d 3 'suria and frequency. 
Both types of tumor should always be extirpated when possible. Definite 
cures are not frequent (three in forty-eight of Marion’s private cases), 
but many patients (twenty-six out of forty-eight) keep regular function 
of the bladder up to the end. The operative mortality in Marion’s cases 
was 10 per cent. All but 6 per cent of the patients that lived after 
operation derived some benefit from it. Marion uses the suprapubic 
route in removing malignant tumors of the prostate, believing that it is 
not more serious than the perineal operation and that it gives the patient 
immediate relief without the risk of fistula, other sequelae, or a long 
convalescence. The seminal vesicles should be removed with the 
prostate, and the catheter should not be inserted until from fifteen to 
twenty days after operation. Marion does not favor radium ; he believes 
that even in inoperable cases the results are unsatisfactory, Cystostomy 
is indicated only when catheterization is difficult or has to be repeated 
frequently, or when it causes hemorrhage. 

TESTIS 

Orchidopcxy . — Turner describes the results of his operation for 
undescended testis. The operation is briefly as follows: A small 
incision is made in the external oblique muscle just above the internal 
abdominal ring. The internal oblique muscle is drawn upward, and the 
spermatic cord, enclosed with the patent funicular process in a sheath 
derived from the infundibuliform fascia, is exposed just below the 
internal ring. The spermatic cord and the testis are drawn out from 
the inguinal canal into the wound; the hernial sac, or the patent 
processus vaginalis, which is nearly always present, is separated from 
the vas and the veins after tlu! fascial sheath has been opened, and is 
ligated above at the internal ring and below just above the tunica 
^•aginalis. The facial sheath of the cord is divided, and the attachment 
nf the gubernaculum to the tissues of the groin is torn through. The 

-t.v Turner, Philip; An Analysis of the Results in Fifty Cases of Transsejjtai 
rriudopc.vv for Imperfectly Descended Te.sticle, Guv’s Hosp. Rep. 75:209-221 
'April) 1925. 
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quantitative!}’’ recovered in the urine. Uric acid injected into animals 
■with the liver and both kidneys removed is slowly absorbed by the 
muscles, so that it does not all remain in the circulating blood. Determi- 
nation of the uric acid content of the blood and muscles several hours 
after injection shows that the total amount is retained in the body and 
that little of it could have been destroyed. The uric acid accumulated in 
the body of hepatectomized neprotectomized dogs is of the same magni- 
tude as that excreted by the kidneys of hepatectomized animals. The 
uric acid excreted by the hepatectomized animal is of the same magni- 
tude as the allantoin excreted by the normal dog. The destruction of 
uric acid in the normal dog depends on the presence of the liver, as this 
process ceases as soon as the liver is removed. 

Creatinine . — ^There is excreted in the urine of adults about 1 to 2 Gm. 
of creatinine a day. The amount is entirely independent of the protein 
intake, but is increased by the ingestion of creatinine, most of which 
reappears unchanged in the urine. The ingestion of creatine increases 
creatinine slightly, if at all; it may increase somewhat the creatine 
excretion. What becomes of the greater part of the creatine thus 
ingested is unknown. Creatine is found only occasionally in small quan- 
tities in the urine of men, a few milligrams a day, but it occurs, or is 
supposed to occur, in larger amounts, from 60 to 100 mg. a day in the 
urine of women during menstruation, in the first few days after child- 
birth and during pregnancy. It is usually present in children’s urine, 
particularly in girls’, and may comprise from one tenth to one third the 
amount of creatinine. 

The amount of creatinine excreted in adults is roughly proportional 
to the body weight, from about 7 to 11 mg. of creatinine nitrogen per 
kilogram body weight being excreted in twenty-four hours. This figure 
is called the creatinine coefficient. The combined creatine and creatinine 
content undergoes little change during fasting, but the amount of 
creatinine diminishes and that of creatine increases, if the method of 
determination of creatine is correct. The same result occurs in car- 
bohydrate stan^ation, in diabetes, both natural and phloridzin, and in the 
early stages of wasting diseases, such as fevers, muscle atrophy and 
other conditions. These facts show that creatinine has an endogenous 
origin, and that unlike urea it is unaffected by the intake of protein. 

There is found in the voluntar}’ muscles about from 0.35 to 48 per 
cent of creatine; large amounts are found also in the liver, the involun- 
tary and heart muscle, in the brain, the testes and other organs. The 
total amount of creatine in the body is thus about 120 Gm. This creatine 
of the body is probably the origin of the creatine and creatinine of the 
urine. The muscles have the power of forming creatine from glycocy- 
amine. and they and other organs can turn cretitine to creatinine. 
E.Ntract5 of the organs have this same power, which is probably to be 
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of secondary Realization are pulmonary : dyspnea and hemoptysis. The 
chorio-epitheliomatous portions of the tumors are hemorrhagic and 
necrotic; microscopic examination reveals Langhans’ cells with islands 
of syncytium intervening; there usually are numerous irregular blood 
spaces lined with flattened syncytial plates distributed between the 
langhans cells. Besides the usual alveolar arrangement, the Langhans 
cells are found in a more independent proliferation consisting of duct- 
like and complex papillary forms lining cystic spaces. Besides the 
chorio-epitheliomatous portions, teratomatous elements are found in 
about half of the cases. 

The pathogenesis of these testicular growths is a disputed question, 
as is that of the other testicular malignant neoplasms. Chorio- 
epithelioma is trophoblastic and yet the presence of teratomatous ele- 
ments must also be explained. Three possible points of origin have 
been suggested: (1) from interstitial cells of the testis, (2) from 
misplaced multipotential cells included during embryonic development, 
and (3) from the spermatogenic cells. The fact that no case occurring 
before puberty or after cessation of sexual activity has been seen, is 
used as an argument against the possible association with spermato- 
genesis. Ewing has suggested that it is hazardous to attempt the diag- 
nosis of chorio-epithelioma of the testis in the absence of pulmonar}* or 
hepatic metastasis.] 

SCROTUJt 

Tumors. — Rubaschow*® states that tumors of the scrotum (skin 
growths excluded) are rare. They have the same characteristics as 
other tumors of the genital system ; they are highly malignant and are. 
etiologically, difficult to classify. Rubaschow has divided these tumors 
into two main groups, the teratomatous or heterotopic tumors and 
tumors of the local tissues. Metastatic growths are not considered. 

Under heterotopic tumors are included: (1) teratomas and der- 
moids, probably related to teratoma testis, and (2) mesodermal growths, 
thought to originate from the embryonic myotome and sclerotome, or 
possibly body rests carried down with the descent of the testis. The 
mesodermal tumors include myomas, fibromyomas, chondromas and 
osteomas, and are divided into four types: (1) fibromas with some 
smooth muscle: (2) chiefly myomatous tumors also containing some 
fibrous tissue, resembling the fihromyoma; (3) those with onlv muscle 
tis>uc. leiomyomas, and (4) tliose of embryonic striped muscle, rhab- 
domyomas. Genetically they are either teratomas with an excess of 
muscle tissue or they are of true mesodermal origin. Lipoma, sarcoma, 
angioma or lymjihangioma may arise from other scrotal tissues, 

•J?. Kul'avclxnv. S.: Die Gefclnvul.Mc dcs Hodensacks rHautfrecchwiihte 
r.a-eevchlov-va\ 7.uA\r. i. v.rol. Chir. 1925. 
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BLOOD NITROGEN 

Knowledge of blood chemistry is of comparatively recent origin. 
The work of Folin and Denis in the development of a simplified technic 
for the accurate estimation of blood urea probably gave the first great 
impetus to this investigation. Determinations by modern methods are 
feasible for any well equipped clinical laboratory and the technic of the 
procedure can readily be mastered. The development of simplified 
methods of estimating the amount of the various substances in health 
and disease has rapidly led to the accumulation of much data concerning 
their variations. 

Blood Urea . — ^The normal urea content of the blood is subject to 
considerable variation. It is recognized as varying normally from 20 to 
40 mg. per hundred cubic centimeters. In the interpretation of the con- 
tent of the blood in every given case, the diet of the patient must be 
taken into consideration. It is at once apparent that a blood urea con- 
tent of SO per cent in a person on a nonprotein diet has not the same 
significance as the same level of blood urea in a person whose protein 
intake is high. Another factor which should receive consideration in the 
interpretation of the blood urea level is the fluid intake. It has been 
noted repeatedly that a high blood urea content can be reduced noticeably 
in many instances following the ingestion of large amounts of water. 
The amount of urea excreted can be shown to vary considerably with 
the amount of urine output. This is especially true when the renal 
damage is not extreme. 

■ Other things being equal, a rise of blood urea above normal is pri- 
maril)’- to be interpreted as an index of bilateral renal insufficiency ; how- 
ever, it is common experience that not infrequently patients can main- 
tain a fair degree of health for a considerable period of time with a 
urea of 80 mg., and in occasional cases at a point considerably higher. 
On the other hand, there is occasionally definite uremia with a blood urea 
content within the normal range, so that an accurate prognosis cannot 
always be drawn from the urea content alone, as it is frequently neces- 
snry to take other factors into consideration. 

When the blood content of urea rises to 100 mg. or higher, the prog- 
nosis becomes increasingly grave. An amount above this level can sel- 
dom be maintained for any considerable period without grave symptoms 
of renal insufficiency. In acute renal processes, in acute exacerbations 
of chronic renal disease or in urinary obstruction, the urea level may 
rise to an astonishingl}' high figure without a necessarily fatal termina- 
tion, with subsequent recoven' and a return of the urea to the normal 
level. Xumerous instances of this kind have been reported frequently. 
These high figures are rarely attained in cases of chronic renal insuffi- 
ciency, and when they occur nearly always terminate fatally. 
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flow an insufficiency of the valvular system of the lymphatics must be 
assumed. Assuming a lymphatic block in the renal lymphatic system, 
leakage of chvle may occur through the kidney.. According to the 
researches of Slahr and Kumita, the lymph channels of the renal corte.x 
can be injected from the capillary bed of the muscularis of the small 
intestine. Goebel states that to have chyluria, first, the lymph channels 
must open into the urinary tract and, second, the lymph channels must 
empty their contents through recurrent channels into these lymph chan- 
nels of tlie urinary tract. Marion assumes a secretory and an excretory 
type of chyluria. Nearly all hypotheses are insufficient and little better 
than those advanced many years ago. 

Nonparasitic chyluria is rare in America ; it is more common on the 
European continent. !More than 100 cases have been reported. It 
occurs chiefl)' during early and middle adult life ; only twelve cases have 
been reported in children. ^lilky or turbid urine usually is the only 
primary symptom. This maj- be complicated by backache or renal colic. 
It may be constant or intermittent, and it may occur at different times 
of the day.* 

The urine has been the subject of much study. Usually, it will con- 
tain from 1 to 3 per cent of fat by Babcock’s method. Occasionally 
erythrocytes or leukocytes may be found, fibrin clots are frequently 
found, and the urine often has a pinkish tinge. The differentiation from 
lipuria, such as is found in phosphorus poisoning, and degenerative 
renal processes, and from pyuria must be carefully made. The history 
of residence in tropical countries should lead one to suspect the parasitic 
or filarial form. Chyluria associated with diabetes, pregnancy, the puer- 
]>erium, tuberculosis of the peritoneum and carcinoma in the region of 
the kidney has been noted. 

The disease is one of long duration, and because of its benignity 
has a fair progno.sis. One case of fifty-five years’ duration is cited. 
Treatment is entirely empirical. A low fat diet has given good results 
in a numl)er of cases. Renal lavage with weak solutions of silver nitrate 
may he tried. Fulguration or cauterization of demonstrable points of 
communication has been successful at times. Exploration of the kidney 
and nephrectomy have been performed in jxjorly jirogressing cases. 
Some observers have .abolished the symptoms with neoarsphenamine. 

JEn. Notu. — ^I'he obscurity that clouds the etiology of chvluria of 
any type makes its projK-r treatment difficult. iMore study of tlie rela- 
tion of the renal lymphatic channels is necessary. Probablv this condi- 
lioit frequently passes by tmdiagnosed in the course of routine clinical 
examinations. Murky urine which does not clear on heating or the 
addition of acid, and which contains no formed bodies, should lead to 



964 


ARCHIVES OF SURGERY 


Blood Creatinine . — Quantitative determinations of blood creatinine 
give information concerning one of the end-products of endogenous 
metabolism. The amount of creatinine in the blood is not influenced, as 
is urea, by the protein intake, so that it would be expected that a rise 
of creatinine above normal would be a truer index of tissue metabolism. 
The normal blood content of creatinine averages about 2 mg per 100 cc., 
and as a rule, there is no appreciable increase in this amount until well 
marked renal insufficiency is present, as determined by blood urea and 
phenolsulphonphthalein estimations. 

When there is a marked increase of creatinine, 5 mg or more, a 
serious disturbance of renal function occurs. The combination of a 
high urea content of the blood with a high creatinine content of the blood 
offers a distinctly graver prognosis than the same amount of urea with 
a normal creatinine content. It is at once apparent that the value of 
this determination as a functional test is limited and is by no means as 
delicate an index of renal function as the estimation of blood urea ; fur- 
thermore, it seldom gives information which is not obtained by the 
determination of urea. It has been found b}'^ Squier and Myers, and by 
Frontz and Geraghty, that creatinine is much more readily excreted than 
urea and uric acid, and that considerable diminution in renal function 
can occur before there is any rise in the creatinine level. 

Amino-Acids . — ^The hope of gaining unusually valuable facts from 
the contemplation of the amino-acid content of the blood has also not 
been realized. Folin has pointed out that this is what one might be led 
to expect. Deamination must be a prelude to the destructive utilization 
of much of the protein material either ingested or liberated from tissue 
sources. The long debated theoiy that deamination precedes in the walls 
of the intestine has been abandoned. One might readily expect anomalies 
of deamination to occur as manifestations of metabolic disorder ; indeed, 
the well known failure of cystine to be consumed in the organism of cer- 
tain persons furnishes an illustration of this type of defect. But, with 
the exception of rare instances of such inborn errors of metabolism, 
deamination abnormalities appear to be of rare occurrence. Folin has 
remarked that the deamination process appears to be such a funda- 
mental process that one cannot expect to find many pathologic conditions 
in which the amino-nitrogen of the blood filtrates will vary much from 
the normal. 

The amino-acid content of the blood represents a food product on 
its way from the intestine to the tissues. The amount of amino-nitrogen 
in the blood varies between 4.8 and 7.8 mg. in 100 cc., the average 
amount being 6.3 mg. This was found by Greene, Sandiford and Ross 
to be true in normal persons, and in a series of more than 400 obsen’a- 
tions covering twentj* pathologic conditions. A definite increase in the 
amino-nitrogen content of the blood during protein digestion was first 
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conclusively demonstrated by Van Slyke, who utilized his own nitrous 
acid method. Subsequent investigations have shown the possibility of 
following the metabolism of these bodies, their storage in the liver and 
muscles and their ultimate deamination in the latter organ. Apart, how- 
ever, from the great increase in the amino-nitrogen content of the blood 
in acute yellow atrophy — ^an increase which is in part attributable to the 
massive tissue autolysis which is occurring, and in part to the failure of 
deamination resulting from destruction of the liver tissue — ^the estima- 
tion of these bodies is at present of little importance in medical practice. 

CLINICAL FACTS 

Indications of all of the metabolic changes referred to in the pre- 
vious part of this article, whether they be derived from ingestion or from 
tissue breakdown, are distinguishable in the actual and relative propor- 
tions of all of these important bodies as they are being transported in 
the blood stream. However, when an attempt is made to correlate the 
relative and proportional status of these bodies at any given moment 
with conditions of health and disease, it is found that constancy does not 
exist; seemingly, there is an extraordinary amount of confusion; and 
this seems especially to be the case in the correlation of the blood figures 
with pathologic states. The wide extent of the “normal” variation is 
another source of difficulty. The observations in various conditions are 
of great interest in this regard. These are shown in tables 2 to 5. 

Summary . — ^The chemical composition of the peripheral blood 
depends on the chemical composition of the cellular elements of the blood 
and on the chemical composition of the blood serum. The first of these 
is a constant factor. The second of these, the blood serum, is a con- 
stantly vai^dng combination of numerous constituents which can roughly 
be divided into a group of bodies that are on their way to being built 
into established tissue elements, that is, the amino-acids; a group of 
bodies which are derived from tissue catabolism and represent structural 
wear and tear; a group of bodies similar to those in the previous two 
groups, which are derived from the ingested food during digestion and 
represent the wastage of an excess food supply, and a series of bodies 
due to the action of intestinal bacteria on the digestion residues in the 
alimentar}’ canal. At any given moment the relative proportions of all 
of these var 3 'ing groups of bodies existing in the blood serum represents 
a balance between the withdrawals and additions from and to the blood 
stream. 

Exaggerations of all of these variations accompany certain physio- 
logic epochs (1) in the daily life of any person, that is, the taking of 
food, periods of exercise, periods of sleep; and (2) in the life cycle, 
that is. pregnancy. Extreme variation occurs between persons between 
successive periods of life, and with certain underlying manifestations 
which one is accustomed to designate as “diathesis.” 
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of only relatively small degree, and in actual conditions of disease 
insufficiency of the one is not compensated to the degree compatible with’ 
health by any or all of the others. 

The accompanying diagram shows the interrelationships of the paths 
of absorption and elimination. ^ 


DIGESTIVE CHANGES 

The chief changes which the foods undergo in the intestinal tract and 
by which they are made available to the body by be summarized briefly as 




graphic representation of the genera! 
intestinal tract and the S3-stemic circulation. 
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TORSION OF THE GALLBLADDER* 


ARTHUR MARRIOTT SHIPLEY, M.D. 

BALTIMORE 

Torsion of the gallbladder is a rare condition. I have been able to 
find only two American reports, that of Wendel in the Annals of Surgery 
for 1898, and that of Cramp in the Medical Record for Jan. 16, 1915. 

Most of the cases reported have been published in the British and 
German journals. In Kehr’s "Chirtirgie der Gallemoege,” published in 
1913, five cases of complete torsion are mentioned: those of Miihsam, 
Nehrkorn, Mayer, Fischer and Kubig. He evidentl}’^ had not looked 
outside the German literature. 

It is necessary to distinguish between partial and complete torsion. 
Sutter reports one case of complete torsion and two cases of incomplete 
torsion. The reports of Aladar Fischer, Asteriades and Seefisch discuss 
incomplete torsion, with which I am not directly concerned in this 
article. Clinicall)’’, there is a sharp distinction between the two types. 
In complete torsion there is strangulation of the blood supply and 
gangrene of the gallbladder, and the s)'mptoms begin with dramatic 
suddenness. In incomplete torsion the symptoms are due to inter- 
ference with gallbladder drainage, and more closely resemble those of 
chronic cholecystitis. 

Angulation of the cystic duct is a separate condition. Krukenberg 
reported two such cases in 1913. He described the free gallbladder with 
a short mesentery and named this condition “wandering gallbladder.” 

The anatomic relationship of the gallbladder to the liver varies 
widely. Roughly, this relationship may be considered in four phases, 
as described here. 

1. In rare cases the gallbladder is found entirely imbedded within 
the liver, and its surface is completely hidden. The cystic duct, how- 
ever. is usually outside of the liver, and the fundus of the gallbladder 
is felt as a soft area in the liver, just above its anterior margin. 

2. In many gallbladders a large portion of this viscus is covered 
by peritoneum, but some portion of the wall of the gallbladder through- 
out most of its length adheres to the liver, with no tissues interposed. 
When such a gallbladder is removed, it leaves a considerable area of 
denuded liver, to which some abdominal structure is likely to adhere. 

3. In many cases, the gallbladder is attached to the liver throughout 
its length, but nowliere touches it closel}*. Between the gallbladder and 
liver a layer of fibrous tissue is interposed, forming a sort of mesentery. 


* From the Surgical Service of the University of Maryland Hospital. 
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That the liver in mammals is the chief organ producing urea from 
cleavage products of protein metabolism and from ammonia absorbed 
from the alimentary canal has long been held as probable, although not 
so definitely proved as to go unchallenged. Folin and his co-workers 
have reported experiments which the}-^ interpret as showing that in 
mammals, uric acid, for example, is destroyed principally in the blood ; 
but the recent work of Mann and his associates by methods of total 
extirpation of the liver seems to show that the liver is the main organ 
that forms urea and destroys uric acid. Of course, even the experi- 
ments of Mann are open to the objection that the failure to produce urea 
and destroy uric acid after liver extirpation may be due to indirect 
impairment of other tissues or changes in the blood composition. At 
present the latter alternative seems the least probable one. Liver per- 
fusion experiments, as well as portal and hepatic venous blood chemistry, 
seem to show a considerable demidization in the liver, but this is prob- 
ably not an exclusive liver function. These processes probably go on 
to a certain extent in every living cdl in the body. While the so-called 
meat poisoning following high protein diet in dogs with Eck fistula 
indicates a definite role of the liver in connection with taking care of 
some of the immediate end-products of the protein digestion or the reg- 
ulation of cellular protein metabolism, neither blood nor urinary analysis 
in such meat intoxication has yielded the final answer as to the precise 
nature of these processes or even the specific substances responsible for 
the symptoms of intoxication. The intoxication does not appear to be 
due to ammonia. 


Ur’ic Add Format ion . — It has been proved that uric acid is derived 
from the metabolism of nucleoproteins (purine bases). It is believed 
that the greatest bulk of the uric acid excreted from the body comes from 
an exogenous source and is derived from the nucleoproteins of the food. 
In most tissues taken as foods, the bases in the nucleins have already 
been partially oxidized by the action of autodigestive and oxidizing 
enzymes of the tissues while still in the nuclein molecule, so that they 
arc free in the intestine in a partially oxidized form as hypoxanthine. 
xanthine, guanine and adenine. These bodies are absorbed at least in 
part. Their absorption is followed by the appearance of some uric acid 
in the urine. The exact locus in which all of these changes occur is not 
exactly known, but it is worthy of note that of the total ptirine ingested 
onl\ a small part appears in the urine as uric acid. The experiments of 
bullman. Mann and Magath have given a great deal of infonnation 
concerning uric acid metabolism. 


According to Eollman, Mann and Magath, large amounts of uric 
acid apjH'.nr in the urine of dogs following hepatectomy, which also give,s 

^cid content of the blood. Uric acid 
m:ec!e<l intravenously into animals following hepatectomy may be almost 
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rate was ISO. There was an inguinal hernia on the right side. Directly above 
the hernia a sausage-shaped tumor the size of an infant’s head was felt. The 
patient was in a state of collapse. A diagnosis of intestinal obstruction was 
made. Operation disclosed a large black mass, which was thought at first, 
to be hydronephrosis in a wandering kidney. Further examination proved that 
the swelling was an enlarged and strangulated gallbladder, which was rotated 
twice on the cystic duct. There were four stones in the gallbladder, the walls 
of which were thickened and infiltrated with blood. The cavity of the gallblad- 
der was also filled with blood. Cholecystectomy was performed. The patient 
collapsed on the table and died the following night. 

Case 3 .® — A woman, aged 74, had suffered from attacks of sharp abdominal 
pain from the time she was a young girl, but she had become well in her old 
age. Fight days before admission to the hospital she had a sudden attack of 
pain in the upper part of the right side of the abdomen and in the back. Her 
bowels ceased to move, and she vomited. There was a great deal of resistance 
in the muscles of the upper part of the right side of the abdomen. Masses could 
not be felt. The condition was thought to be empyema of the gallbladder. 
When the abdomen was opened, a dark gallbladder was seen, surrounded by fine 
adhesions. When these adhesions were separated, torsion of the gallbladder on 
the cystic duct was found. There was a short band of adhesions running from 
the cystic duct to the liver. The gallbladder was entirely surrounded by peri- 
toneum and was not perforated. Cholecystectomy was performed and the patient 
recovered. 

Case 4.* — A woman, aged 61, had an attack which began with a slight pain 
in the upper part of the right side of the abdomen. The bowels were regular, 
and there was no vomiting. The attack, which began four days before admis- 
sion to the hospital, later became more severe, and there was some vomiting. 
There was some pain in the right shoulder. The leukocyte count was 20,000 
on admission. There was marked spasm of the abdominal muscles, especially 
on the right side. There was great tenderness and a mass in the gallbladder 
region. Jaundice was not a symptom. The heart, lungs and kidneys were 
normal. The diagnosis was either appendicitis or gallbladder disease. When 
the patient was put under anesthesia, a definite pear-shaped tumor was felt, 
extending from the region of the umbilicus into the region of the gall-bladder. 
The diagnosis was then empyema of the gallbladder. When the abdomen was 
opened, a moderate amount of bloody serum escaped, and the gallbladder, a 
dark red, sausage-shaped mass, the size of a goose egg, was found to be com- 
pletely twisted from right to left on the cystic duct. It was removed. The 
walls were infiltrated with blood, and one stone was found in it. The patient 
recovered. 

Case 5.® — A woman, aged 72, had a sudden attack of upper right abdominal 
pain three days before admission. She had not been ill previously. Jaundice 
was not a S 3 -mptom. A round tumor could be felt in the region of the gall- 
bladder. The condition was diagnosed as acute cholecj'stitis. Operation 
showed a gallbladder about the size of a pear. It was gangrenous and sur- 

3. Xehrkorn: Gangran der Gallenblasc durch Stieldrehung, Deutsche 
Ztschr. f. Cliir. 9G:S19, 1908. 

4. Muhsam, R. : Stieldrehung der Gallenblasc, Bcrl. klin. Wchnschr. 14: 
1179. 1908. 

5. Lett, Hugh : Two Unusual Conditions of the Gall Bladder. One a Case 
of Torsion, Lancet 1:1099 (April) 1909. 
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ascribed to a femient. Probably the kidneys are active in changing the 
creatine arriving by the blood to creatinine, but it is certain that thej 
are not the only organs having this property'. The tissues arc also able 
to destroy creatine, but what is formed from it is unknown. 

The increase of creatine in the urine in diabetes and carbohydrate 
star\'ation or after the injection of thyroid extract is ascribed by Folin, 
ShafTer and others to the increased catabolism of the tissues, but it is 
also possible that it is due to the setting free of the creatine from the 
combination in which it occurs in the muscles. Nothing definite is 
known of the function of creatine in the muscles and the other organs ; 
whether it is primarily a waste product, or whether by its presence it 
affects the metabolism of the tissues, is not known. Further investiga- 
tions arc necessaiy-. While all the really important questions about the 
origin and significance of creatine and creatinine still remain unanswered, 
it appears that these substances hold an important place in metabolism. 


Table 1. — Percentage of Urinary Output of Xitrogen Bodies Under 

Xorinal Conditions 


Exopenoue Source 
(Food) 

Urine 

Xitrogen, 

percent 

Urine 

XltroBt-n. EnrlORenons Source 

per Cent (Tif ?ue Cotabolirm) 

Pro(o!nf-fimlno-ncldf-tir('« 

Xue!coprot<In-ur(c ac!d 

(/• 

CO Tissue (mnsclc*); nmnionln-tirca 

WO Gland origin; white blood cclls-uric 

acid 

100 Creatinine (creatine conversion) 

Crontlnlti'' onlr undrr loiwl,. 

(?) 


The constancy of the e.xcretion of creatinine indicates that it is, as Folin ^ 
sugjjcstcd, an index of the real catabolism of the vital machineiy' of the 
body proper, in distinction from that catabolism which increases the 
free energy. 

URIXE XITROGEX 


I, ndcr ordinary circumstances, the urinary output of nitrogen bodies 
is found in the following proportions: Of the total amount of urea 
excreted in the urine, 60 per cent is derived from the breaking down of 
the protcitis in the food, and 30 per cent is derived from the breaking 
down of ilic proteins of the body tissues, c-cpecially of the muscled. 
.Ninety-five per cent of the uric acid i.*: derived from the nucleopro- 
teins of the K»nd ; .•> per cent is derived from the metabolism of the body 
especially its glandular organs. Under extraordinarv condi- 
tion-, a large excretion of uric acid which has been experimentally proved 
to fodow the removal of the liver, is to be interpreted clinicallv to indi- 
c.nie de-tniction of hver tissue. All of the creatinine can for practierd 
bv .aso,„.H-d to Ivj derived from tissue breakdown ; in exceptional 
u>tr.nr<c. wlun th.e diet contains onraordinarv .amounts of creatine and 
cr.attmne. mcna-d amount^ of ihe later appear in the urine, bein- 
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was pain; there was a stool the evening she became ill. After this there was 
no movement, and there was eructation of gas and vomiting. On admission 
the patient’s general condition was good, the pulse rate was 88. The abdomen 
was distended. There was pain and resistance on the right side of the abdomen; 
a mass could not be felt. The diagnosis was acute appendicitis. The appendix 
was exposed and found normal. Some fluid was seen, and the incision was 
enlarged upward and a gangrenous gallbladder, attached to surrounding struc- 
tures by fine adhesions, was exposed. The gallbladder was twisted on the 
cystic duct 360 degrees from right to left (clockwise). Cholecystectomy was 
performed, and there was a small drain. The patient recovered. 

Case 10.” — A woman, aged 73, became ill four days before admission to the 
hospital with pain and constipation. When admitted she did not have fever, 
the abdomen was distended and a tender 'mass was felt under the liver. The 
diagnosis was ileus, thought to be due to cancer of the hepatic flexure. At 
operation, a gangrenous gallbladder was found twisted on the cystic duct 360 
degrees. It contained one stone. Cholecystectomy was performed, and the 
patient recovered. 

Case 11 .” — K woman, aged 64, gave a history of repeated attacks of gall- 
stone colic. An attack began the day before admission with severe abdominal 
pain, vomiting and constipation. She was in poor general condition, with 
abdominal distention. Under the liver a tender swelling the size of an apple 
was felt. The diagnosis was volvulus of the gallbladder. At operation, a large 
gangrenous gallbladder was found, twisted 360 degrees on the cystic duct. After 
cholecystectom 3 ' was performed, she recovered. 

Case 12 .” — A woman, aged 78, gave a history of short attacks of abdominal 
pain for two years. The onset of this attack was four days before admission. 
She suffered sharp pain in the entire abdomen, more marked on the right side. 
Constipation and vomiting were symptoms. Under the margin of the liver 
there was indefinite tender resistance. Operation disclosed a dark red gall- 
bladder with 180 degrees torsion on the cj’stic duct. It contained one stone. 
Cholec 3 ’Stectomy was performed, and the patient recovered. 

Case 13.” — ^A woman, aged 79, was suffering with severe pains in the 
abdomen. The past history was negative, except for appendicitis many years 
before. The onset occurred twenty-four hours before admission to the hospital. 
Terrific pains in the abdomen and nausea and vomiting were the symptoms. 
The vomitus was foul smelling and green. From that point on, she had no bowel 
movement and no escape of gas. The clinical diagnosis was ileus. Her 
temperature was normal. The pulse rate was 70 and the pulse beat was light 
and of good volume. The abdomen was large and flabbj'. Peristalsis was not 
visible. In the region of the gallbladder, one could feel a round, smooth, tense 
and tender mass, which extended three or four finger-breadths below the costal 
margin. There was a slight flatness on percussion, continuous with dulness 
in the liver. The rest of the abdomen was not tender, but was soft and flabbj'. 
The urine showed a trace of sugar, which disappeared after the operation. 
After an enema the patient passed some foul-smelling gas, but the foul-smelling, 
almost fecal-like vomiting continued. Cholecystitis with a stone in the c 3 'Stic 
duct was considered as a diagnosis, but there were s 3 'mptoms of ileus, and 

10. Krabbcl, Max: Die Stieltorsion dcr Gallenblasc, Deutsche Ztschr. f. 
Chir. 154:76, 1920. 

11. Hansen, P. X.: Et tilfaclde at volvulus af galdeblaercn, Hospital.stid, 
March 30. 1921, p. 23. 
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Blood Nonproidn Niirogcn . — Estimations of nonprotein nitrogen 
arc utilized in some laboratories instead of estimations of blood urea. 
The technic for the estimation of nonprotein nitrogen is considerably 
more complicated than is that for blood urea. The normal blood content 
of nonprotein nitrogen varies approximately from 30 to 50 mg. per 
103 cc. of blood. Definite figures are especially difficult to establish. 
Data regarding the nonprotein nitrogenous blood components have 
attained undeniable value in the interpretation of kidney function. They 
arc dwelt on in the clinical laboratory of today as inde.xes of the degree 
and type of retention occurring in specific cases, and they influence both 
the diagnosis and the prognosis. The details of the distribution of the 
nonprotcin nitrogenous components in the blood have been studied with 
resjiecl to their bearing on nitrogen metabolism, as well as the degree of 
elimination of nitrogenous waste. 

The accumulated data have been somewhat disappointing to many 
persons, notably to clinicians. They have been encouraged by the infor- 
mation secured from blood chemistry* in respect to renal functions and 
the corresponding conditions of the kidney. They had come to c.xpect 
that further data on noprotein nitrogen in cases uncomplicated by adverse 
kidney factors might throw light on obscure diseases, particularly those 
having a background of metabolic disorder. Numerous laborious collec- 
tions of statistics regarding the nitrogenous composition of the blood 
in diseases of the ner\'ous system have failed to elucidate the patho- 
genesis or the pathology of the subject. 

Blood Uric Acid . — ^The normal blood content of uric acid reflects the 


nucleoprotcin content of the food from which it is normally almost 
entirely derived, and ranges between 1.5 and 3.6 mg. per 100 cc. of 
blood. In certain phy.'^iologic periods, notably the later months of preg- 
nancy, the uric acid content of the blood rises considerably; this is a 
physiologic pbcnoinenon related to pregnancy. Experimentally as 
referred to previously, the rcmov,il of the liver (Bollman, ^lann and 
Magath) i.*: followed by the accumulation of uric acid in the blood 
stream. A similar increase in the uric acid of the blood has been noted 
by Lenox to follow prolonged starwation. The exact mechanisms caus- 
ing these increases is not defmitclv known. 


Uric acid circulates in fairly constant concentration in the blood of 
me!), any increment in the amount being indicative of a pathologic con- 
dition. Whatever the intenuediate reactions may be, an increased 
output of uric acid is dcmonstr.ably an indication of an increased 
tr:mvf,,nnniion of purine yielding products, whether the latter arc derived 
froT!) the diet or liavc an endogenous origin in the cells and tissues of 
the b -.;ly. Dc-dnctic.n< from the work of Bollman. Mann and M.agath. 
Ir.^ co-worV.vrs. referred to jireviously, seem to show that in Iiver'’con- 
'.itions V.lgh cncentratinn. of Idood uric acid can be used as a diiTer- 
p-<ijn 3!ii!fr.'iing liver cell dtstruaion. 
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mass was found; this was a gangrenous gallbladder. There was some fluid 
in the peritoneal cavity. The torsion was from left to right and ten or twelve 
moderately large gallstones were found. Cholecystectomy was performed, 
and the recovery was uneventful. 

Case 18.“ — case of torsion of the gallbladder in an old woman, which was 
diagnosed cholelithiasis, is reported. In the region of the gallbladder there was 
a large pear-shaped tumor. The attack came on sharply with pain. At opera- 
tion an enormous, movable and elongated gallbladder with a narrow mesentery 
was found. The gallbladder was twisted on the cystic duct. Cholecystectomy 
was performed and the patient recovered. 

Case 19." — A woman, aged 74, had frequent attacks of abdominal pain for a 
year preceding the operation. On Aug. 20, 1924, following a hard day’s work in 
the field, she had sudden violent abdominal pain accompanied by vomiting. During 
the following days there was some improvement, then a new attack of pain with 
vomiting. On August 26, six days later, the patient was transferred to the hos- 
pital. In the upper right quadrant a sausage-shaped tumor was felt. Jaundice was 
not a symptom. This tumor was smooth and mobile, and was the size of a fist. At 
operation, a bluish-red, tight, spastic swelling was seen. It was a gangrenous 
gallbladder, twisted on its pedicle 360 degrees (counter-clockwise) and attached 
to the liver by a pedicle. When it was removed, an elongated pedicle with a 
cystic area was found buried in adhesions and was removed with difficulty; 
it was thought to be a distended cystic duct. Rapidly developing jaundice 
followed the operation, and the patient died twelve days later. At autopsy it 
was found that the pull on the gallbladder had elongated the common and 
hepatic ducts, and these had been ligated when the gallbladder was removed. 

Case 20.”— A woman, aged 54, had a sudden attack of severe pain in the upper 
part of the right side of the abdomen with frequent vomiting. It was the first 
attack. Jaundice was not present. Tenderness and rigidity in the upper part of 
the right side of the abdomen were pronounced, and a round lump suggestive of an 
enlarged gallbladder, could be felt. The preoperative diagnosis was acute 
cholecystitis with a stone impacted in Hartmann’s pouch. At operation, some 
serous fluid escaped when the abdomen was opened, and a black distended gall- 
bladder was presented. It Avas completely covered by peritoneum and attached 
by its proximal end to the liver by a mesentery, which contained the cystic 
duct and the blood vessels. A peritoneal fold ran from the cystic duct to the 
duodenum. There was one complete revolution of the gallbladder from right 
to left. The gallbladder contained bile mixed with blood, and its walls were 
much thickened by hemorrhagic infiltration, but it did not contain stones. 

Case 21.” — ^Marinacci reports a patient with a tumor mass in the position of 
the gallbladder. The tumor was rather low. A twisted ovarian cyst Avas sus- 
pected on account of the sudden appearance of the symptoms. Operation 
rcA'caled an enlarged, distended gallbladder with A'ery little liver attachment. 
The gallbladder AA’as tAvisted on the c3'Stic duct. A portion of the gallbladder 

16. Dubs, J. : Ein Fall A'on Torsion dcr Gallenblasc, ScliAA’ciz. Med. Wchnschr. 
3:93 (Jan. 17) 1924. 

17. Sutter, A.: Torsion of Pedicle of the Gall Bladder, Beitr. z. klin. Chir. 
133:519-532 (March) 1925. 

18. Fifield, L. R.: Torsion of Gall Bladder, Brit. M. J. 1:920, 1925. 

19. Marinacci, Sertorio: Torsion of the Gall Bladder, Acute Dropsy, 
Policlinico 33:194 (Feb. 8) 1926. 
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Table 2.--Cascs idllt Mechanical Defect (Hentia) but Othcnvisc in an 
Apparently Normal State of Health 


Crea 

Xltrogcn 

Xonprotein 

Xitrogeu 

Cric .A.cid 

Creatinine 

12.G 

27.3 

3.3 

1.0 

17.G 

332 

8.r» 

l.l 

1S.2 

.35.0 

3.4 

1.1 

14.0 

30.0 

22 

1.1 


34.1 

2.3 

1.0 

11.2 


3.5 

1.0 

1S.2 

.31.1 

1.7 

1.0 

13.4 


3.3 

1.2 

11.0 

.... 

2.3 

1.2 


Table 3. — Cases zeith Mechanical Defect (Posloperaiiz-c Adhesions) 'vifh J'arious 
Grades of Symptoms but U’ithout Signs of Interference zvith the 
Moz'cmcnl of the Intestinal Content — JVithout Xephritis and in 
Othcnvisc Good Physical Condition. 


Urea Xonprotcin 

Case yitroRcn XUrocen CrlcAcId Creatinine 

1 14.0 C3.3 4.0 1.2 

2 12.C 31.1 2.0 1.1 

3 12.C 20.3 l.G 1.2 

4 11.2 .... 3.0 1.1 

12..' 21.3 ... O.TT. 

f. 21.23 42.3 ... 123 


Table 4. — Cases in a Physiological Period (Pregnancy) Occurring Xormally 
and IViihout Abnormal Symptoms 


Case 

:o, 

40., 

41. 

4 .’. 

43. 

44. 
4,'.. 
lO. 
47. 

45. 
4!'. 
.V>. 


Montli 

Urea 

Xonprotcin 



Xitrogen 

Nitrogen 

Uric Aeld 

Creatinine 

G 

11.0 

21.0 

1.1 

1.1 

? 

KT, 

22.5 

o o 

1.2 

■ I 

10.0 

23.0 


1.1 

s 

10.0 

24.0 

2.3 

1.3 

**« 

11.0 

23.0 

1.0 

12! 


0.5 

23.7 

o •• 

121 

• 

17.0 

23.0 

To 

1.3 

8 

11.0 

13.0 

o..> 

1.3 

4 

0.0 

23.0 

Trace 

1.3 

0 

13.0 

2S.0 

'I'raVK 

l.G 

r. 

10.0 

23.0 

o ft 

1.3 


10.0 

222; 

2,:! 

1.1 

4 

i 

12.0 

10.7 

^>n 

■S2'.i 

o n 

zr. 

1.2 

12: 


Tavu 


5. — Chrrnie Diseases 
ifestatiens Ref era lie 


(Malignancy, etc.) in Elderly People irithout Man- 
ta any Change or Disturbance of Metabolism 


< r 

^ ri'T«*r»r r»! 

: rrt'no ot J.oi ... ' 

t* <'J ! i"** * ' 

II'*’. r J ^ T'.Il * * 

r:. •I-' r^i- .’.’..J-Vl 


ri«‘3 

X.iroffa 

112 

I?-*". 

2* 5 
14.« 


XnsproJ^.'.'j 

XiiroEfa 

:;Lf 

rj.i 

42.0 


I'rlr.ltM Crratlair.' 


3.r. 

•ft *• 

ft r 

40 

- 

2 -> 


1.7 
1.1 
1 o 
1.2 
1.0 


4 
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operation, but developed a deep jaundice afterward. At autopsy it was 
seen that the pull of the gallbladder had elongated the common and 
hepatic ducts, and these structures had been included in the ligature. 

All the patients were women, except two. Kubig’s case occurred in 
a man, aged 73. This man had been a patient in the Tuberculosis 
Pavillion, and the .condition of the gallbladder was not suspected before 
the autopsy. The other man was Cramp’s patient. The evidence is 
conclusive that this condition is usually seen in older women, who are 
thin and relaxed, and who belong to the narrow, long-bodied type with 
more or less downward displacement of the abdominal organs. It 
would be interesting to find out the percentage of free gallbladders in 
persons of this type. 

The gallbladder exhibited different degrees of necrosis in twenty 
cases, the only exceptions being Wendel’s and Kubig’s patients, in 
whom the torsion was somewhat less than 360 degrees. Both of these 
cases might be omitted from the list of complete torsion of the 
gallbladder. 

The direction of the volvulus is apparentlj’^ not a matter of sig- 
nificance; of the twenty-two cases, seven were clockwise, five were 
counter-clockwise, and in ten cases the direction was not mentioned. 

In all cases of the series, except those of Kubig and Marinacci, the 
onset was sudden, with pain in the upper part of the right side of the 
abdomen as the outstanding symptom. Vomiting was fairly constant, 
so much so that in three cases ileus was suspected. 

In these cases of torsion of the gallbladder most of the surgeons 
have reported the presence of a moderate amount of bloody serous 
fluid in the peritoneal cavity. This was true of my own case. 

In almost every instance the gallbladder lay free in its bed. In a 
number of cases there were loose, thin, recent adhesions, but the delivery 
and removal of the gallbladder was uniformly not difficult. 

There Avas little evidence of peritonitis. The outstanding pathologic 
condition Avas necrosis due to strangulation of the blood supply, and the 
only peritoneal involvements AA'ere the loose adhesions and the small 
quantity of bloody serum. 

In the reports of this series of cases it Avas repeatedly mentioned that 
examination of the gallbladder shoAA'ed its AA'alls to be thickened and 
infiltrated Avith blood, and the caA-ity of the gallbladder AA'as usually 
filled Avith blood also. The gallbladder AA'as nearly ahvays enlarged, 
AA'as distended, smooth and clastic, and, in a number of instances, Avas 
somcAA-hat curved, being described as either kidney-shaped or sausage- 
shaped. 

In only one instance AA-as the correct diagnosis made before operation, 
Krabbel’s second case. In thirteen of the tAA’cnty-tAA'o cases a mass in 
the upper part of the right side of the abdomen AA-as felt, and in eight 
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The faculty for making use of various materials for producing the 
same end-product gives rise to compensatory powers which frequently 
keep the blood index at normal levels when pathologic conditions are 
present in which one is accustomed to find differences in the blood 
indexes. 

Multiplicity of methods and mechanisms whereby similar metabolic 
changes can occur in difTerent regions of the body give ample opportu- 
nity for wide com])ensatory powers; wide reserve powers arc thereby 
created; all of these give opportuniu* for additional variation. 

It seems correct to assume from these observations that in any given 
case a normal must be established for each person at the moment of 
examination. Single obscr\’ations are of little moment; a series of 
observations arc necessary. Comparisons of persons and of disease can 
be made only from comparable scries of observations taken under nor- 
mal and abnormal conditions ; actual figures mean less Ihati similar plus 
or minus changes viewed in the light of repeated observations and of 
actual pathologic conditions and controlled by a knowledge of the under- 
lying opposing factors the resultants of which form the balance to be 
found in the blood stream. Abnonnalities are to be determined only 
along these lines and according to these criteria. 



CARDIAC OUTPUT IN THE DOG DURING ETHER 

ANESTHESIA 


III. THE EFFECT OF THERAPEUTIC AMOUNTS OF DIGITALIS OX 
CARDIAC OUTPUT OF THE ANESTHETIZED DOG* 

ALFRED BLALOCK, M.D. 

NASHVILLE, TENN. 

In pre\nous communications,^ evndence has been presented to show 
tliat when ether is administered to the correct degree for surgical anes- 
thesia, it causes an increase in the cardiac output, and tliat tliis increase 
is not so great after alkali has been injected as before. It was concluded 
from this work that a large part of the increase in tlie cardiac output of 
the heart during ether anesthesia was caused by an increase in the 
hydrogen ion concentration of the blood. However, the less marked but 
definite increase in the cardiac output of the anesthetized dog following 
the injection of alkali suggests that part of the increase must be ascribed 
to a direct stimulating action of ether on the heart. 

Harrison and Leonard - have shown recently that digitalis decreases 
the cardiac output of dogs, and tlieir evidence indicates that this is 
accomplished primarily through the production of an increased tonicitj’ 
of the heart. The effects on the contractility were believed to be sec- 
ondary to changes in the tonus. It is generally conceded that digitalis 
exerts its beneficial effect by action on the heart itself, regardless of 
whether this is accomplished through changes in the cardiac output or 
through a restoration of balance between the ventricles. Eppinger, von 
Papp and Schwarz^ reported a decrease in the cardiac output in one 
patient following the administration of digitalis. Studies by indirect 
methods by many observers have indicated that digitalis increases the 
output of the heart in animals that have had v-arious operative procedures 
performed; but concerning the effect on the normal dog, the work of 
Harrison and Leonard seems conclusive. 

The purpose of the present study was to determine the effect of 
ether anesthesia on the cardiac output of the digitalized dog. This was 
undertaken with tivo objects in view: (1) to attempt to gain further 
information as to what direct stimulating action ether has on the heart 

*■ From the Department of Surger>'. Vanderbilt University. 

1. Blalock. A.: The Effect of Ether .'Anesthesia on the Cardiac Output of the 
Dog. .-Arch. Surg. 14:732 f March) 1927. The Effect of the Injection of .Alkali 
on the Cardiac Output of the .Anesthetized Dog. Ibid. 14:921 (.April) 1927. 

2. Harrison, T. R., and Leonard, B. W. : The Effect of Digitalis on the Cardiac 
Output of Dogs, J. Clin. Investigation 3:1 (Oct.) 1926. 

3. Eppinger. Hans : von Papp, L, and Schwarz, H. : .Asthma Cardiale, Berlin, 
.Tillius Springer, 1924, p. 191. 
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Tlie blood vessels run in this layer, and it is covered in front and behind 
l)v the peritoneum, which is reflected over it from the gallbladder to the 
liVer. .Such a gallbladder is usually freed with little difficulty from the 
liver and leaves a relatively narrow area of denudation, which is easily 
covered. 

4. 'J'he last group includes uncommon cases in which the entire gall- 
bladder is covered by peritoneum, and is free. The gallbladder is 
attached to the liver by a short mesentery which extends along the 
cy.ctic duct and usually temhnates near the point where the cystic duct 
joins the gallbladder. In this mesenter}* are the cystic vessels. It is 
in cases of this kind that torsion of the gallbladder occurs. There is 
considerable medical literature calling attention to this condition. 

In KX) autopsies. Brewer found that the gallbladder had a mesentcry- 
lik-e attachment in five cases. In another report Ssuslow mentions six 
similar mesenteries in 145 persons examined. Jacquement found it twice 
in 200 patients; Raynal twice in thirtj'-six. 

I have found in the literature twenty-one cases of complete torsion 
of the gallbladder, to which is added the case of my patient. A brief 
synopsis of these cases follows. 


RF.PORT OF CASES 

Cash 1 .’ — A woman, .nRcd 2.3, had bccJi under observation from November, 
1S95. until March, 1897. In November, 1895, a mobile ovoidal tumor was found 
in the upper ripht <iu.idrant. The tumor was about 2 inches (5.08 cm.) long 
.uid ,3 inches (7.6 cm.) wide, and was cystic in nature. The right kidney was loo.'^e, 
.mil could be moved as far as the umbilicus. The patient refused to submit to 
an operation. She was treated, and dcchircd herself well until Sept. 20, 1896, 
when she was suddenly seized with severe pain in the upper part of the right 
side of the abdomen, with vomiting, high fever and abdominal distention. At 
this time the cystic swelling could not be felt. There was a fixed, rigid, pain- 
ful ‘welling in its position. The woman again refused to submit to an opera- 
tion anil soon recovered from the attack. In the early part of March, 1897, she 
n inrned to the ho‘pital. saying that she was two months pregnant. On March 
2F, l.W. she was operated on. .At operation, perforated cholecystitis, cholc- 
liilii.aM’s and a peritoneal ahsetss were found. Two hundred .and thirteen gall- 
‘■t'-m-s and the eallhlaildcr were removed. The g.illhladdcr was not gangrenous, 
but w;.* much twisted on the fy^ic cuct. It was adherent, but the adhesions 
wetc recent. The cistic duct was inches f 8 cm.) long, with a mesentery 
. n! _ >• (c cm. t ktic, attr.cliid to the inferior surface of the liver. The neck 

■■■i xhr fr.llbk.ddir was obstructed by the Largest stone. Th.e patient recovered. 

i - ‘3 worn..!:, act’d 54. b-.-ranie ill two dayc before commg to the hos- 

- - sb.,r,i j ..'.n in tin- :!,dr.;j;(n. The ccndstion v.:t« not accompanied 
> tn-.nie. Wb.tn i!.e wa* .admitte.’ the ab'b’U'fn w.as rigid and her pulse 

, '■ -f noatinc Gall liladdtr and Kidnev Complicated 

• ' « n. :r-.‘ wu.- rtneratirn Gall Illaddtr, An.n. S—g 27-305 le-i. 
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during ether anesthesia. Four days later, the output increased markedly during 
ether anesthesia. No digitalis was given during this inter\’al. The oxj'gen con- 
sumption was higher after the effects of digitalis had disappeared. The coefficient 
of utilization changed little during an ether anesthetic seven and one-half hours 
after digitalis had been given, but decreased greatly when the dog was anesthetized 
four days later. 

The drawings are purely schematic; time relations are neglected. 
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rounded by recent adlicsions, which were separated with the finRcr. Tlicre was 
complete axial rotation of the Kallldaddcr on the cystic duct from left to right 
(counter-clockwise). The gallbladder was free, with a short mesentery. 
Gallstones were not present. Cholecystectomy was performed, and the patient 
died twelve hours later. 

Case 6‘— A woman, aged 70, two days before she came to the hospital, had 
an attack which began with pain in the abdomen, like that of acute appendicitis. 
She vomited and there was an elevation of temperature. Her tongue \vas 
dry and coated, and her whole abdomen was lender. Tenderness and rigidity 
were most marked in the right upper quadrant. A diagnosis of acute appendi- 
citis with abscess or cholecystitis was made. When the abdomen was opened, 
a considerable quantity of bloody serum e.scapcd. The appendix was normal. A 
large, bluish mass, the size of a goose egg, was found to be the gallbladder. 
It was attached to the liver only by a twisted pedicle and was covered with a 
grayish exudate. The twist was 360 degrees (counter-clockwise), and was 
entirely on the cystic duct. Stones could not he felt in the common duct. 
Bloody scrum was present. The gallbladder was not ruptured. It was removed, 
and the patient recovered. 

Case 7.’ — ^This was a case of volvulus of the gallbladder found at autopsy 
in the body of a man 7.3 years old. During his last illness, he hail a severe 
cough. He died in the Tuberculosis Pavillion. .At autopsy profuse bronchitis and 
hyperemia of the lungs, bronchopneumonia and torsion of the gallbladder 
with circumscribed peritonitis were found. The gallbladder was twisted clock- 
wise on the cystic duct 270 degrees, was dark blue and was free. There were 
no gallstones, and the gallbladder was not g.'ingrcnous or thickened. It was 
entirely covered with peritoneum. 

Case 8.'— At a meeting of the New York Academy of Medicine in the Sec- 
tion on Surgery, held Dec. 4, 1914, Dr. Cramp presented a patient, who had 
been admitted to Bellevue Hospital suffering from pain in the abdomen, nausea 
and vomiting. This patient was a man whose age was not given. From the 
history of the ease it was supposed that his trouble was due to indiscretion in 
diet, and he was placed in the medical division. A tentative diagnosis of gas- 
tritis was made. The following daj’ he was transferred to the surgical division. 
There was rigidity over the right upper quadrant and a temperature of 99 F., 
but the symptoms did not indicate obstruction. There was a high leukocyte 
and polymorphonuclear count, and an epigastric tumor. Immediately after 
the incision was made, the gallbladder protruded through the opening. It 
was black and twisted one and one-half times from right to left on its pedicle. 
It did not communicate with the liver, except toward the common duct. 
Dr. Cramp presented the specimen removed, which did not resemble a gall- 
bladder whatever. Cholecystectomy was performed, and the patient recovered. 

Case 9. A woman, aged 71, was taken suddenly ill three days before admis- 
sion to the hospital. She had not had a previous attack. The first symptom 


6. Fischer, August: Ein weitcrer Fall von SticUorsion dcr Gallcnblasc, 
Berl. klin. Wchnschr. 18:1784, 1910. 

a-lQ 0 R^o^l^’ Ueber Volvulus dcr Gallcnblasc, Munchen. mod. Wchnschr. 

Gangrene of Gall Bladder from Twisted Cystic 
Duct, Med, Rec. 87:120 (Jan. 16) 19IS. -iwisiea c^ystic 

(Aug.?)‘l 919 Munchen mcd. Wchnschr. 3:884 
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this led to iiHuicdiate operation. As soon as Uic peritoneum was opened, a 
thin, serous, bloody fluid c.\uded. A mass, wliicli resembled an incarcerated or 
tortuous gangrenous intestine, appeared, but it was seen at once that it was 
not related to the intestine. The pedicle of the gallbladder was rotated 360 
degrees clockwise. The pedicle was 3 cm. or 4 cm. wide, was thin and contained 
few veins, but nothing else was clearly defined. The pedicle stretched along 
the edge of the liver, and the liver was at that point atrophic, with some thick- 
ening of the serosa. The rest of the liver was irregular, with deep scars. The 
gallbladder and cystic duct did not contain stones. The gallbladder was 
directly continuous with the thick .serous metubratic of the gallbladder. The 
gallbladder and cystic duct did not contain stones. The gallbladder was 
divided into two parts by a stricture, and it was shaped like an hour-glass. 
Only the fundal part was strangulated. The fundus had definite motility, and 
this portion was free without mesentery. The patient recovered. 

Case 14.'* — A woman, aged 42, had been examined and treated for stomach 
trouble. The onset of her illness was sudden, with severe colicky pains in the 
abdomen, constipation and vomiting. She did not have fever. Under the 
influence of morphine and hot dressings the pain subsided, and a mass was 
felt on the right side, extending from the region of McBunicy’s point to the 
epigastrium. Examination was difltcult, hec.iusc the patient was fat and had 
a thick abdominal wall. She did not have jaundice. Her pulse rate was 108, 
and her temperature 38.2 C. The preoperative diagnosis was acute cholecystitis 
with hydrops. When the abdometi was opened, some scrum was found. The 
gallbladder was surrounded by recent adhesions and was seen as a large mass. 
There was a band of adhesions running from the upper surface of the gallblad- 
der toward the stomach and colon. This was cut between ligatures. The gall- 
bladder was easily lifted from its bed and was free, except that it was attached 
to the liver by the cystic duct, on which it was twisted 180 degrees. The gall- 
bladder was dark red and contained one large stone. Cholesystcctomy was 
performed, and the patient recovered. 

Case IS.” — ^A woman, aged 34, had had attacks of biliousness since girlhood. 
The onset of the present illness was acute. She did not have jaundice, dis- 
tention or visible peristalsis. Masses could not be felt. Tenderness and muscle 
spasms were observed. At operation, a gangrenous gallbladder was found about 
the size of a small hen’s egg. There was one complete revolution (clockwise). 
Stones were not found and mesentery and peritoneal covering were not reported on. 
Cholecystectomy was followed by complete recovery. 

Case 16 ,” — h woman, aged 62, suffered a sudden colieky pain in the upper 
part of the abdomen. The right part of the abdomen was rigid, and a tumor could 
not be felt. At operation, the gallbladder was found to have rotated completely 
from right to left. It was free, with a short mesentery. It did not contain stones. 
Cholecystectomy was performed and the recovery was uneventful. 

Case 17.“— -A woman, aged 67, suddenly became ill. A sausage-shaped 
tumor was felt in the region of the gallbladder. At operation, a reddish-black 


Stielderhung der Gallenblasc, Beitr. z, klin. Chir. 122; 
1921^ ^ Bladder, Brit, J. Surg. 9:310 (Oct.) 

Bladder, Brit. J. Surg. 10:301 
1923^’ ^ Torsion of the Gall Bladder, Brit. M. J. 1:1016, 



Table 2 , — The Effect on the Cardiac Output of Ether and of Digitalis and Ether 
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BLALOCK-CARDIAC OUTPUT DURIXG AXESTHESIA 979 

itself, since it has been shown that digitalis decreases the output of the 
heart and ether increases it somewhat even in the presence of an alkaline 
pii ; (2) to determine whether there is experimental justification for the 
use of digitalis previous to operations under ether anesthesia. 

METHOD 

Onlj* the essential features of the method which was used will be described, 
since a detailed description has been given in the report on the effect of ether 
anesthesia on the cardiac output. 

Thirty-six determinations of the cardiac output were made in six dogs. Two 
of the animals were trained and remained quiet without a sedative. The remaining 
four dogs were given morphine, 0.04 to 0.06 Gm., about an hour before the 
experiment was begun. Similar results were obtained with and without the use 
of morphine. 

In five of the six experiments, control studies were performed before digitalis 
was given in order to determine the effect of ether anesthesia on the cardiac 
output. In the remaining experiments the effect of a digitalis preparation and 
ether anesthesia on the cardiac output was first determined, and the control figure 
for ether alone was obtained four days later. The time interval separating the 
intramuscular injection of digitalis and the determinations under ether anesthesia 
varied from six to twenty-two hours. Harrison and Leonard* found that the 
maximum reduction in cardiac output occurred six hours after administering a 
“full therapeutic” dose of digitalis preparation, and that it lasted for about forty- 
eight hours. The amount of the drug used was approximately the same as that 
employed in their experiments, i. c., fifteen cubic centimeters of digitalis prepara- 
tion per kilogram of body weight. Pardee’s* observations indicate that this 
amount represents the full therapeutic dose. 

The .animal was pl.accd on a table in the dorsal position. The oxygen consump- 
tion was determined by use of a Benedict spirometer with the graphic recording 
device. Arterial blood was obtained by puncture of the left ventricle or femoral 
artery; venous blood was obtained by puncture of the right ventricle. The 
oxygen and carbon dioxide contents of the blood were determined. The circula- 
tory minute volume was calculated from the Pick formula : 

Cc. O; con>-Hjnc(l v^r jninutc Xumber of cc. of blood 

— ; = flowini: tlirousb the lunss 

.\mouiu O- t.ihcn «f) in lungs by 1 cc. of blood per minute 

.\fter the control determinations had been made, ether was administered 
through .m open cone. Variations in the depth of anesthesia are listed in the 
protocols, but usually the lid reflexes were abolished at the time that the specimens 
of blood were drawn. The method of .Austin * was employed for determining the 
c.'trlitin dioxide content in the presence of ether. 


RESULTS 

r.oih the trained animals and those that had undergone morphiniza- 
tion remained quiet throughout the experiments, and the results were 
o<semially the same with and without the use o{ morphine. 


-t. I'.irdt'e, H, i:., 15.; llypodtnma Digitalis Preparations, T A AT a SS-fniO 
lO.-; oH ]025. 

-1 '' i: J*-; f'j' Cnrbm Dioxide in Serum in Presence of 

- ’..itr by \ an .v.t-.hot]. J. phi. Qiem, (Sept.I 1924 . 
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the heart, whereas it is possible that the administration of alkali, though 
tending to prevent cardiac strain, may lead to untoward effects elsewhere 
in the body. 

In this connection it is emphasized that the full therapeutic dose of 
digitalis was given in these experiments, and if a similar effect is to be 
expected in patients, doses of similar size are indicated. Such a dose 
is approximately 1.5 Gm. of a powdered leaf of average, strength, or 
fifteen cubic centimeters of a digitalis preparation per hundred pounds 
of body weight. In order to increase the margin of safety, it seems wiser 
to administer two thirds of this amount in divided doses the day previous 
to operation. 

SUMMARY AND CONCLUSIONS 

The effect of ether on the cardiac output of six digitalized dogs was 
determined. Four of the animals received morphine previous to the 
studies, while two of the animals were trained and did not require 
morphine. Whereas the average elevation in the cardiac output during 
ether anesthesia previous to the administration of digitalis was 64 per 
cent, that in the digitalized dog was only 7 per cent. Further evidence 
is presented to show that part of the increase in the cardiac output 
during ether anesthesia is caused by a direct stimulating* action of ether 
on the heart. 

These observations offer a rational experimental basis for the belief 
that the preoperative administration of digitalis may be of considerable 
value in the preparation of certain types of patients .for operation under 
general anesthesia. They also suggest that this drug should not be used 
during shock following operations. 
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The changes which were encountered during the control anesthetic 
period will not be described in detail. The most striking of these were 
the increased output of the heart and the decrease in the coefficient of 
utilization (charts 1 and 2, tables 1 to 6). 








IvflMVgJ 


CJiart 2. — Tliis tlgurc illustnUcs llic reduction in cardiac output following; the 
r.dministraiic-n of digitalis and the flight increase when ether is given, wlitreas 
j rt va-u* ly ether had c.aused a great increase in the output. The pulse rate rose 
’’.uiing c.ach anesthetic period, the cardiac output per heat decreased, and the 
i.'.rhon d’t'Nidc conunt of the hlo’d fell. 

i!'.5> drawing is purely schetuatic; time rebtions are 5e::ored. 

The effects t«i digitalis oti tlte cardiac cutput of a dog that has no: 
ata-stl’.vtircvl :;rc thotsgl'.t not to bu absolute in th.ese e.xperinients, 
I'fcr-.ttfc in na-^t in-tar.ce.' the antntal had been given eth.tr a few Itours 
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In all, twenty stomachs were examined — twelve were resected for 
ulcer of the duodenum and ulcer of the stomacli, and eight for cancer. 
Immediately after resection most of the stomachs were introduced into 
a solution containing one part of solution of formaldehyde and two parts 
of 80 per cent alcohol. The stomachs resected were opened along the 
greater curvature. Sections were taken along the whole circumference, 
in the region of the pylorus, midway between the pylorus and at the 
proximal edge. 

In addition to this systematic study, parts of the tissue from the 
mucosa of other stomachs were examined, including eight resected gastric 
ulcers and six resected duodenal ulcers. The sections were stained 
with hematoxylin-eosin. Special stains were used occasionally to demon- 
strate points of interest. 

I shall give a clinical and pathologic report of one case and present my 
histologic observations *of the other material according to the following 
classification: (1) normal stomach mucosa, (2) etat mammelonne, 
(3) atypical characteristics of the stomach mucosa, including intestinal 
islands and erosions, (4) the nature of the inflammation of the stomach 
mucosa and (5) comment. 

Anatomists are somewhat. at variance as to the nomenclature of the 
parts of the stomach. In order to discuss the histologic observations, 
I shall divide the stomach into the large proximal part — ^which includes 
the part long known as fundus and corpus — ^the pars digestoria, and the 
distal part, which is smaller, contains the pyloric glands, and is known as 
the antrum or pars egestoria. The terms fundus, corpus and pars 
digestoria will be used interchangeably to indicate the proximal part. 
The pars egestoria and the antrum will also be used interchangeably to 
indicate the distal part of the stomach. 

REPORT OF A CASE 

History. — N. G., white, aged 28, a miner, was admitted to St. Vincent’s 
Hospital on Sept, 15, 1923. He was well until six months before, when he began 
to vomit. He became much worse a few weeks before coming to the hospital, 
vomiting frequently, immediately after eating and sometimes several hours 
later. He never vomited blood or coffee-ground material and never noticed 
black stools. He never experienced pain in his adbomen. He lost about 40 
pounds (18 Kg.) during the last few months before entering the hospital, and 
was quite weak. His appendix had been removed in 1921. 

ExamUiation . — He was emaciated. The abdomen was fat ; there was a tym- 
panitic note and a splashing sound in the region of the epigastrium. There was 
no rigidity or tenderness in the abdominal wall. The scar of the appendectomy was 
found in the right lower quadrant. 

Gastric analysis showed a high acidity. The hemoglobin content was 72 
per cent; the white blood count was 8,350. There was a trace of albumin 
in the urine. 
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jjreviously, and this may have altered the result. The cardiac output 
was the same as in the original control period in two instances, slightly 
elevated in one and decreased in three instances. In general, the results 
arc confirmatory of the experiments of Harrison and Leonard. 

Tlie following is a comparison of the cardiac output during ether 
anesthesia in the digitalized dog with the figures obtained under other 
conditions : 



Chart — The pcrcciilnpc change in cardiac output during the first anesthesia 
pcriixl wav determined by comparing the figure for cardiac output per minute 
with the one ohtaijicd djtring the control period, and the cardiac output during 
'.he second anesthesia iKTiod was compared with that following the administnition 


of digitalis. 


The average change was comj)uted from the fiirurcs in all of the 


« \pii!mei'.!s. The smallest change during ether anesthe.sia without digitalis was 
eriattr than tl'.c- average change during ether anesthesia in tlie digitalired dog. 


1. *r!ie cardiac e>uti)tii remained c.s.<entially iltc .same a? in the original 
Cl :\xu>\ period in six tleterminations, rose slightly in one. fell .dightlv in 
direr atttl lU-creased definitely in two in-tances. The average cardiac 
' t'f.t per Ifilo^rr.m I'.f body weiglit wa^ only A cc. dilTerent tnun that of 
tb.c I’rjgitial control jrriod. 
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base; the lymph follicles were irregular and increased in size; there were also 
groups of round cells. The interstitial tissue between the alveoli was increased ; 
dark-stained epithelium with goblet cells were found near these groups of 
glands. Some of the round cells penetrated into the muscularis mucosa 
(fig. 1). 

Sections made through the same area demonstrated an ulcer which was 
not found at the examination of the gross specimen with the naked eye. The 
ulcer was about 2 mm. in diameter. The whole muscular wall was destroyed 
and was replaced by a connective tissue rich in blood vessels. The area prox- 
imal to the lumen consisted of connective tissue and of granulation tissue, some 



Fig. 1. — Hypertrophic form of gastritis, showing the alveoli with the hyper- 
trophy of the muscularis mucosa growing between the groups of alveoli 
(pseudopj'loric glands of Stoerk) ; also small islands of intestine-like mucosa 
with infiltration of round cells. 

of which appeared to be new and rich in blood vessels. There were thick-walled 
arteries and several neuromas in this granulation tissue. There was a necrotic 
exudate at the base of the ulcer. The adjacent mucosa consisted of branching 
glands which looked like Brunner’s glands, or the pseudopj'loric glands described 
bj- Stoerk (fig. 1). Parts of the muscle fibers around the ulcer seemed to 
be destroj'cd. Two large nerves were found embedded in the muscles. 
Accumulation of round cells penetrated deep into the muscularis mucosa, and 
some of the Ij'inph follicles were also found beneath it. In some parts they 
penetrated through the wall of the glands into the lumen. Small areas of dark- 
stained epithelium with goblet cells were also found. A conical-shaped defect 
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2, The cardiac output was less in every instance than that during 
the original anesthetic period. The average figure for the cardiac output 
per kilogram of body weight was 243 cc. during the first anesthetic 
period, while that during ether anesthesia following the administration 
of a digitalis preparation was only 147 cc. The largest figure obtained 
during the latter period was smaller than the average figure during the 
first anesthetic period. These alterations are represented in terms of 
percentage of cliange in chart 3. 

3. The changes which ether anesthesia produced on the cardiac out- 
put of the digitalized dog are almost negligible. This is demonstrated 
by the fact that the average cardiac output per kilogram of body weight 
was 148 cc. before the administration of ether, and 147 cc. during the 
period that the animal was under the influence of an anesthetic. 

Changes in pulse rate, oxygen consumption and carbon dioxide con- 
tent were in general similar to those during the anesthetic period without 
digitalis, but the coefficient of utilization was greater in each instance. 


COMMENT 

In view of the fact that experiments were performed on trained dogs 
as well as on those anesthetized with morphine, and that the results were 
similar in each instance, it seems justifiable to state that digitalis pre- 
vents an increase in the cardiac output of the anesthetized normal dog. 
It is known that most drugs have the same type of effect on man as on 
the dog. In order to discuss the possible general significance of this 
cx])crimental work, it is necessary' to assume that such a relation cxist.s 
because of the difficulties and dangers in determining the cardiac output 
of man. 

Recent work supports the view that digitalis exerts its beneficial 
effect by maintaining a balance between the two ventricles. Cushny'’ 
staled that digitalis exerts little influence on the blood pressure. It has 
been foiuul in studying the effect of ether anesthesia on the cardiac out- 
put that all of the increase could not be due to the effect of changes in 
the reaction of the blood, and that there is a direct stimulating action bv 
ether on the heart was assumed. Practically no increase in cardiac out- 
let Te*:ulted when ether was administered to dogs that had received 
digitalis. If it is granted that digitalis decreases the cardiac output bv 
direct action on the heart, this is further evidence that part of the ele- 
vation in the cardiac output during ether anesthesia is caused bv a specific 
Miinuhring effect of the anc.«ihetic on the heart. Determinatiojis of the 
hy.lrogin ion concentration were not made in these experiments, but 
canv.c: bo assumed tint digitalis jtrevents the tistial increase, espccinllv 
'•nu'e the tnrbon .lioxide content beliavcii in the ttsual manner. It seem's 

A. K : Th^- Acd - :.nd I'm. b, yw.V.Av.i of Dzeha!?* 

Crtm f.- j.. IIT. 


and Itf 
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except that in some parts the tubules or foveolae were not so long, and the 
glands contained parietal cells. In some areas the accumulations of round cells 
and lymph follicles occupied a part of the mucous membrane. In certain areas, 
numerous parietal cells were found in the bodj' and fundus of the glands, in 
others, onl 3 ' remnants of the foveolae or tubules were left, and the bodies and 
the fundi of the glands appeared to be replaced by groups of round cells. There 
were indentations in the mucosa reaching the muscularis. \Vhere the mucosa 
reached the muscularis mucosae and the groups of round cells, the epithelium 
was dark-stained and proliferating. 

Sections obtained from the proximal end of the posterior wall of the 
stomach, in the area of the corpus, demonstrated foveolae which were about 



Fig. 3. — Small defect in the depth of the glands, healed by single layer of 
dark-stained epithelium. 

one fifth of the length of the glands ; these appeared to be typical fundus glands 
with chief and parietal cells. There were onlj’ a few round cells and scanty 
interstitial tissue between the foveolae and tubules. There was some accumu- 
lation of round cells in the places where the mucosa sank down. Here the 
islands consisted of a few foveolae wide and deep and dark-staining, but 
glands proper were not seen. In the anterior wall of the stomach, at the 
area where resection was made. I found the same picture as in the posterior 
wall, with the e.NCeption that there was an area in which the fundus glands 
appeared to be infiltrated by round cells. 

Midway between the pylorus and the resected proximal end. the glands had 
very deep foveolae admitting many branched alveoli with light-staining cpi- 
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probable that the depressing effect of digitalis on the output of the heart 
counteracts part of the stimulating influence which ether produces. 
Tlie heart of the dog that has received digitalis is much less subject to 
fluctuations in output, as is demonstrated by the small variation in output 
when ether is administered. This is shown in chart 4. It is to be noted 
not only that the average of all the figures for cardiac output per kilo- 
gram of body weight are practically identical, but also that the highest 
and lowest figures obtained in all of the experiments fall within a rather 
small range. 
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(.hart -t. — Tin's is a composite cliart of all c-Kperiments. The hitjlicst and 
lowest wilues per kilo.crram of body weight during the four phases of the experi- 
nteiits are charted on the thin line.®. The average output is not the mean of tlie 
hielie^t and lowest values, but is the .average of all the figures. It is thought that 
the c.irdiac output during the control period following the giving of digitalis 
Ui'u.d h.r.vc been lower if ether had not been administered previously. There is 
.'i 'tr iking rise in c-irdi-ac output during ether anejthvsia without digitalis. 

liarrisotj .Mtd Leoiiard liavc fi'und that the elevation in the cardiac 
otttptjt which is present in dog.= with hyperthyroidism and anemia can be 
by xlte administration of digitalis. Tliey cx])rt\'S; ti;e belie: 
^i;.t tilts itrni: would •-.rohahly he valnahle in oreventint; cardiac failure 
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areas a few millimeters in diameter (fig, 4), This condition has been 
called, by normal anatomists and pathologists, status mamillaris, etat 
mammelonne or catarrhus verrucosus (see later etat mammelonne). 

Microscopic examination of the mucous membrane reveals numerous 
small openings — ^the foveolae gastricae. These are depressions into 
which the glands of the stomach open. The foveolae gastricae measure 
one fourth to one fifth of the depth of the fundus glands. In the region 
of the pylorus they are much deeper and ma)'^ even reach the muscularis 
mucosae. The gastric crypts and folds between them are covered with a 
long, slender epithelium, the cells of which are somewhat conical. They 
extend downward in a cun'^e toward the basement membrane, while the 
broad part of the cell is directed toward the free surface. The latter 
portion forms a cuplike plug which gives a chemical reaction for mucus, 
the basal part containing the nucleus being richer in protoplasm. 

Oppel,^° who examined this type of epithelium in vertebrates and 
mammals, found that, as in man, the cells consist of two differentiated 
parts — z. basal protoplasmic part and a peripheral part belonging to the 
surface, which he named Oberende. Ebner and Oppel have demon- 
strated that the open cells found on the surface of the epithelium are 
artefacts. Cells of the superficial mucosa of the stomach, like other 
mucous cells, are easily injured. The superficial part of the cell swells 
and flows in part or altogether from its free end. 

The glands of the stomach mucosa are usually divided into the cardiac 
glands, fundus glands and pyloric glands. Aschoff ® and Oshikawa “ 
have recentty called attention to the form of glands in the region of the 
isthmus, which they named the intermediate glands. There is doubt as 
to the nature of these glands, and I shall return to them in the presenta- 
tion of the pathologic picture of the stomach mucosa (see pseudopyloric 
glands). 

The cardiac glands are branched tubular in type and occupy an area 
varying in width from 0.5 to 4.3 cm. (Bensley The cells are some- 
what similar to those of the pyloric glands and to the mucous chief cells 
of the fundus glands. Some of tlie lining cells, however, contain 
zymogen granules similar to those of the chief cells of the fundus glands. 
Occasionally a few parietal cells are present. 

10. Oppel, A., quoted by Harri, Paul: Ueber das normale Oberflachen-Epi- 
thel des iMagens und fiber Vorkommen von Randsaum-Epithelien und Becher- 
zcllen in der menschlichen ^lagenschleimhaut, Arch. f. Mikrosk. Anat. u. 
Entwickl. geschichtc 58:684, 1901. 

11. Oshikawa: Beitrage zur Histologic dcs Magens und der Magengcsch- 
wure. Virchows Arch. f. path. Anat. 248:217, 1924. 

12. Bensley. R. R. : Reference Handbook of the Medical Sciences, cd. 3, 
New York, William V'ood & Company, vol. 7, 1917, p. 943. 
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balance at a lower level and probabl}* protects the weaker ventricle from 
overstrain by the stronger one. For the same reason it seems that the 
preoperativc administration of digitalis should be of definite therapeutic 
value under the following circumstances: 

1. In patients suffering from conditions known to be associated with 
an increased cardiac output. Such conditions are hyperthyroidism, 
severe anem*ia, anoxemia’ and probably other disorders still to be 
investigated. 

2. In patients of all ages with Itypertension or organic heart disease. 

3. In elderly and debilitated patients. 

Marvin, Pastor and Carmichael ® have concluded from electrocardio- 
graphic and blood pressure studies during surgical operations and con- 
valescence that routine employment of digitalis in patients with nonnal 
hearts is not necessary. 

Since it is well known that shock results in a decrease in the cardiac 
output, the administration of digitalis should not be delayed until after 
this condition is produced. The role of digitalis should be to prevent 
acute circulatory failure rather than to combat it; hence, if digitalis is 
given, it should be administered previous to the anesthetic. It is felt 
that when given under such conditions, digitalis may protect the heart 
from overstrain by increasing its tonus and diminshing the contractility. 
Digitalis has been used rather generally in the past in the preparation of 
patients with heart disease for operation, but usually with a different 
aim. I'or example, Richardson ® stated that digitalis should be used to 
alleviate the period of depression following operation. Rather than this, 
it seems that digitalis should serve to prevent strain on the heart at the 
time of operation and by this means to prevent the depression which 
might follow. In a previous paper,’” it was shown that the administra- 
lii'ii of alkali partially prevented the increase in cardi.ac output. Digitalis 
is preferable to alkali for two reasons; 1. The desired dosage of digi- 
lalis is f.airly well known, whereas the amount of alkali which is needed 
5*^ dcj>cndcnt on the acidosis, which cannot be estimated with accuracy 
previous to the operation. 2. Digitalis exerts its influence essentially on 


<. Unrrifon, T. R., and Blalock, A.: Studies on the EiTects of Hyper- 
’.h\n-;d!v!u, .^nemsa and Anoxemia on the Cardiac Output, unpuhlidicd ohvtr- 

t*' -darxin, H. M,; Pastor, R. B., and Carmichael, M.ahel: Electrocardiogram 
.ti-l ld(“td Pressure During Surgic-al Operation and Convalescence; EfTcct of 
i^-utiT-.r PreojK-rative Di.cit.aliration. Arch. Im. Med. 35:7^2 (June) 1925. 

Richards 1'. L ; Htart Serums in .Xnesthtsia. .Am. T. Sum. anc'theda 
■'•■p; h SSiRn (Oct.\ 1910 
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ing zone. The nucleus is found at the junction of the two zones and 
possesses one or two oxyphile nucleoli. The chief cells of the neck are 
characterized by the absence of chromidial substance and zymogen 
granules which are in the basal part of the chief cells of the tubule. 
According to Bensley^- they are irregular columnar structures and 
slightly smaller than the chief cells of the body of the gland. The con- 
tents of the cell appear clear in hematoxylineosin stain. The nucleus is 
situated in the proximal attached part of the cell. 

These are evidently the cells first described by Zimmermann^® as 
possessing a light-staining plasma and a flat nucleus at the bottom of the 
cell. Zimmermann believed these were mucus-secreting cells similar to 
those which Kupffer described in the mucus glands of the stomach. 
According to Bensley,^^ these mucus-secreting cells may be found in a 
few glands to reach entirely to the bottom and to replace the chief cells 
throughout the whole gland. Such glands contain a few parietal cells 
and have a larger lumen. 

I am of the opinion that such glands represent the frequent prolif- 
erated epithelium of the lacunae which generally displace the specific 
cells not only in the neck, but also as far as to the base. They represent 
the glands described by Stoerk^ (fig. 1), which are characterized by 
numerous branchings with the lining of cells appearing clear in 
hematoxylin. 

Many histologists believe that there is not a shai*p transition between 
the fundus and the pyloric glands. Radasch,^® after examining several 
human stomachs and several stomaclis of rabbits, came to the conclusion 
that there is an abrupt decrease or cessation of the acid cells, and that 
the branched tubular glands of the pylorus make their appearance 
suddenly. 

In the examination of my own specimens, I have observed that the 
fundus glands cease abruptly. They are replaced by the branched normal 
pylorus glands or those demonstrating pathologic changes. 

The pyloric glands open into cr}^pts which are much deeper than 
those of the fundus region. The tubules of the p3doric glands are more 
branching, less closely set and contain more connective tissue between 
them. The cells lining the foveolae of the pyloric glands are cylindrical 
and possess an oval nucleus much like that of the cells found in the 
bottom of tlie foveolae of the fundus glands. Those lining the terminal 
branches of the pyloric glands are more cuboidal, resembling those of 
the neck of the fundus glands. These are light-staining mucus cells. 
The parietal cells are either altogether absent or rare. 

15. Zimmermann. quoted by Benslej', R. R. : Reference Handbook of the Med- 
ical Sciences, ed. 3, New York, William Wood Sc Company, 1917, vol. 7, P- 943. 

16. Radasch. H. E. : .-\cld Cells of the Stomach, Internat. J. Gastro-Entcrol. 
1:24, 1924. 
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glands are increased in number, and there is an elongation of the gland 
at its central part. At the base, the gland turns on itself, the elonga- 
tion of the basal part of tlie tubule being prevented by the muscularis 
mucosae. Each mammillated protuberance seems to have an axial 
vessel (fig. 4). There is an increase in the number of parietal cells, and 
there are pictures in which the parietal cells overshadow the chief cells 
(fig. 6). Normally the parietal cells are triangular, oval or wedge- 
shaped, but in this condition they are round and are found to lie directly 
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alvtfili opmcil imo Tin- tulmli- ; the vrllv Hmm: the f..vr..!ar wnr lii.‘hi-*Tasni«K : 
the interstitial ti'-i.iif ln'twen the fovenjae ami the ttihnle. was rather ■‘Cani. 
The nmscnlarjs mncnia reachnl hi^h hetv.rcn the ^•rl•np^ of Klamh ; the Ijmph 
follicles were triangular anil not nsinieiosiN, Iteep \alle\^ mschitip the inns* 
cularis mucosa appeareil where the epiihrlimn was ileMinamatei! and where 
there was innitraiion of numd cells. 

Dark-.staininK epithelium Mif,(,'esied previous destruction of glands ami a 
process of regeneration; otherwise the {{lands apjieared normal. On the inferior 
surface, about 1 cm. from the jsyloric rinu. some {ilamis appeared normal, and 
corresponded to the description piven. There were, however, {{roups of {{lands with 
t.all foveolac. Hrauclied aheoli were found in eouuectiou with each tuhule, the 
cells hnint? the alveoli were cuhoidal, the nuclei were small, found at the 



Fig. 9. — Distal end of a stomach resected for duodenal ulcer. Mucosa 
extremely granular; the granules are irregular in size and shape; smooth areas 
of mucosa found. 
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Kparalcd areas of glands and penetrated into the accumulation of round cells 
near the niuscularis mucosa; on one side remnants of the glands and on the 
other side dark-stained young epithelium attempted to bridge the defect. 

The blood vessels in the scar were thick-walled, some were obliterated, and 
there were a few islands of round cells and polymorphonuclear leukocytes. 

Sections taken through the posterior surface of the antrum, about 5 cm. from 
the pylorus, demonstrated fan-shaped areas of glands. The foveolae or tubules 
were straight and long, and the glands were not branching. These looked like 
normal pyloric glands. Close to the areas just described I found some in 
which the follicles were increased in number and size; where was also an 



Fig. 2.— Islands of dark-stained imcstinc-like epithelium taken from the 
same section as tigs. 1.^ and 18, representing a healed erosu>n. 


arcumulation and infiltration of round cells between the glands and the mus- 
cularis mucosa and between the tubules of the glands. The glands were branch- 
mg with light-staining cpithclinm. There were .al.Mi i.slands of tubules of 
dark-staining epithelium. .<oinc of which appear high columnar, while others 
ii'Utained g<.iMet cells (fig, 21. In other places, the mucosa sank to the 
accimmlationv of round cells and polymorphonuclear leukocytes and appeared to 
itoer the sunken areas by one layer of high columnar epithelium. Where the 
ep'tlwlimn reached, the accumulation of round cells, it .appearetl desquamated, 
.iv.d the l\mph«.cyie'. leukoextes and plasma cells penetrated through the 
mu.-. -a into the hnnui {fig. di. 

^ T)-,e srrncture of a stction fr.-m the attteriv.r wall of the stomach, the 
..o:;.r.ee i:..m the .5,^. (je.cribed 




Fir. 11. — .All c.xtrcmc (Icgroc of gastritis, with only one layer of desquamated 


cpnlwliusn covering the interstitial tissue. Low power magnification. 





.ST/;/.V/.'/*/v<.'-Off( O.s'.f /.V f'/.( /;/v 

Ihcltal rolls, Tlir jollirKs wrrr KtralJy i«irtraM<1 in si?,- i*n»1 ;nvl 

ppssrssnl rrnuis; thrir wru- many atcas «,{ jn'»li<r*ati«n; «l:ith- 

slaiual cinau-Hum, ,ils« islantls ,,{ inirs|in.-!il;r njHsn.s;,. Snin- «»j‘ ihr »..vc..!ar 
were si»rca»l wi«Ir apait l>y an arr«in»l;ni.*« i»« lym|th n.lUrlr--, 
unclear Icnkoryjes ami |)l.isn>a rrlls. 


Tin: NOUMAU M<*MAru .MfiOSA 

The imu'<isn fii the Momach n mart* »>i iviru^lav ftthi**. In Un* 
fiNctl slate, ihrvi* avi* ftnir lunyinnlinal I'nhU sj»v«*;nHni; t*ni (an'shajiml 
on the lesser cnrvatnve int<» the ityh»ru* canal. When the stomach is 
dislendctl. most t*i the inhU «Hs:,j.{»e:ir. Aconllm: t«' 'rmnller.' tlie part 
of the stomach c<»mainmii the M:ii:enl»!:ise js jirr ir«tm folds. I he color 



Fiff, 4.— 1.,/nv 
axial ves.sel. 


imwcr inaKnification uf unc inaminilla ni vi;u mammeltnuu- with 


oC ihc normal stomach mneosa is pinkish. .NschoiT '' calls atlctnion to 
the difference in color hetweeu the gastric i>aih\Yay ami the rest t>i the 
stomacli. 

In the condition of distenti<»n. when the ftdds disappear, one can sec 
piall areas a few millimeters in wkhh, tlic areae ^astricae, which arc 
indistinct!)’ marked off by irre}(ular sulci. In the larjijc pro.vimal portion 
of the stomach mneosn of the adult, there are mmierons .small elevated 


V sy.stem.’Jtisclirn .Anatomic, Leipzig, 

F. C. W. Vogel, 1923, vol. 11, p. 131, 

1924!p^ 279°^' Ludwig: Lectures on Pathology, New York. Paul B. Hochcr, 
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normal glands at the bottom of these islands. I shall discuss the 
significance of the islands of heterotopic or atypical glands in connection 
with the erosions. 

There is a prevailing form of gland which Stoerk called the pseudo- 
pyloric type. The tubules are pushed apart b}'- interstitial elements with 
lymphocytes and leukocytes. The fundi of the glands are branching 
and irregular. Muscle fibers from the muscularis mucosa and the con- 
nective tissue penetrate deeply between the glands. The cells lining the 



Fig. 14. — High power magnification of figure 17 to demonstrate the dark- 
stained svncytium-like area of epithelium attempting to heal the defect. 

branching alveoli are transparent and cuboidal witli tlie nucleus in a 
marked basal position. One frequently finds that the lymph follicles are 
numerous and large and possess a germinal center in the region of these 
glands. This form of gland is not only found in the antrum mucosa, but 
may also be found remote from the pylorus in the fundus of the stomach 
displacing the typical glands. The lumina of such glands are occa- 
sionally filled with Iwnphocytes, leiikoct'tes and plasma cells (fig. 1). 

Oshikawa '' and Aschoff ® have described a new form of gland found 
in the isthmus of normal stomachs, which they named the intennediaty 


/A VIA A'A’ 


*t>r> 


The fundus jjlands .wcnny ihe lav.uev j>roxhnal pan nf \hv sloinach 
mucosa. The mUnlvs in these glands are .mly moderately hranehed and 
are vertical. They an- cl«>se i** each ••ther atid are .M-par.ilrd hy a .seam 
ammml t»f numective tissue. iCaeh |.»veola receives from three to hve 
or more hranehe<l lulmles. ‘i'he stnall part of the ttihtjle t>penin.v: directly 
into the favwla is »tarr<i\v an«! is htiown as the n<*ch. 1 he termitial blind 
end is called the tnitdns, and the intetmediaie portion is Utiowjt as tlu: 
body of the tjlaml. The vtlatids piojM-r are lined with t\v.» hinds of cells, 
the chief and the parieiai cells, 'rite chief cells have bi-en deserihed by 
Meidenhaitt *■' and called tin' 1 lanpi^ellen. while l^olleti ** natne*! tbeni 
Adeletnorphezellen. I he parietal cells were called by lleidenbain the 
llelej; 7 .ellen atnl Kollett tin- 1 )eloni<<rpbe»*ellen. 

The parietal cells are laiper th.nt the chief tails; ihi-y are tnorc 
irrcuular. trinniiulav or oval. an«l show ati afiinity tor aci*l stains 
(fitl. 5.'\T Xorinally these cells ;u'e more mtmerous in the body and in 



i'iR. S.—.-i, ttburain oi a normal fnmho ulaml with ii.iririal folK «ii triammlar 
form; /f, jilaml <»f <'tat mainineioniu* whh rounil j>ariclal cdK. 


the neck of the j^land. They rest tm the basement membrane of the 
tuludc, frequently fovnnnjj a prtunbvvance beytmd the oven line <»f the 
remaining cells, and ticcasionuliy Riving the appearance of heinR extra- 
glandular. '1 hey contain one tir more miclei. and with certain stains 
display intracellular canalicuH connecting the cells with the lumen of the 
gland hy a narrow duct. 


The chief cells arc wedge-shaped columnar structures which form 
a lining for the inhulc. being <lisi)!acetl in varying tlegrees hy the parietal 
cells. The chief cells when stained in hcmatoxyHnet)sin have two well 
formed zones : a basal deep-siainhig portion and a superlieia! light-stain- 


^ 13. Heidenliatn, R., quoted hy Bcn.sley, R. R.; Reference liandhook of Med- 
ical Sciences, cd. 3, New York. William Wood it Company, 1917, vol. 7, p. 943. 

14. RoUctt, A., quoted liy Bcn.sley, R. R.: liefcrcncc Handlwok of the Medi- 
cal Sciences, cd. 3, New York, William Wood S: Company, 1917. vol. 7, j>. 943. 
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The loreuoinii is a clt-scripiioa of tiu* normal imjcosa. It is itnportant 
to have a clear idea of what is Jn»rnial and what helonjis to tin; pathologic. 
The adult .stomach is seldotn fountl to he free from heterotf>pic or pro- 
liferated chanijes. Orator,' who made an extensive study of what he 
thought were normal and ])athologic stomach'*, came ti» the conclusion 
that the normal tnucosa tif the futtdus regiott is characterir.ed hy fovcolac 
which represettt only fmm 25 to per cent of the whole thickness of 
the stomach mucosa; that a production of mucus in the fundus glands i.s 
slight, and th.at only in the region of the st«»mach pits is there a .slight 
cellular mfiltration. 

Only occasi«*nally is there a lymph follicle with :t germinal center in 
the ,':uhnmc<»sa. ‘l‘he pyknic glatnls of the stomach muco.'^a are charac- 
terized hy deep foveolae which represent fmm tn 70 per cent of the 
thickness of the. nmco.'^a. ‘rhe'^e gland.s .secrete mucus in .ahuntlattce. 
There is a light cellular infdtration not only in the regii»n c»f the pit of 
the stomach, hut also in the region oi the tleeper structure of the glands. 
In many pathologic stomachs e.xamined, 1 fottn«l areas of mucosa 
resembling the mmnal jjmc(^sa descrihed in te.xthoc»ks on histology. 


f;1 .\T .M .N .M M r.l.os N K 


I was ttnahle to fmd atiy true i»r comprehensive picture of the coti- 
dition frccpicntly <lescrihed as ciat mammeknme. .XschofT,’’ Hor.st and 
other authorities consttlied, spe.ak of this condition as catarrhu.s ver- 
rucosus. .AschoiY,** in his lexthook. .Mates that the etat mammelonne is 
found in the region of the antrum pylori. Uassler’*' dcscrihc,s it as 
representing the rough, mammillated appearauce limited to the ntucosa 
of the distal part of the .stomach. Tamller.*' in his recent tc.xtbook on 
normal anatomy, brings out the fact that polygonal ;u’eas it» the stomach 
mucosa may he pronounced and elevated, ajtd that the condition is then 
called status mammillaris. 

Stoerk* gives a true description of the Instologic picture of ctat 
mammelonne. He poitits out that it is not an aclu.'d gastritis hut a hyper- 
trophy. Many stomachs which 1 ex.amined present this picture, which is 
limited to the proximal part. .'\s a rule, the distal ]>art of the stomach 
shows the microscopic changes of gastritis. The elevations, which cover 
the mucous membrane of the fundus area of the stom.ach, arc fairly uni- 
form, An infiammatory process is not found microscopically. The 


17. Aschoff, Liuhvjg: P.-itl)ologijidje Aiwtoitiic, cd. 6. fena, Gustav Fischer 
1923, vol. 2. 

18. Borst, Max. : Pathologische HistoloRic, Lcipzip, F. C. W. Vogel, 1922, 
p. 121. 
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